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(57)Abstract: 

PURPOSE: To improve base line measurement 
accuracy and to Improve treatment velocity by presetting 
measurement values of two sets of interferometers equal 
when measuring a position of a reticle using a reference 
board when a base line Is measured. 
CONSTITUTION: A reference board FP having a 
reference mark FM2 which registers with a mark RIVI on 
a reticle R and a reference mark FM1 which registers 
with a detection center point of an off axis alignment 
system OWA is provided on a wafer stage WST. When a 
base line is measured, position deviation amount of the 
reticle R and the reference board FP is obtained keeping 
the wafer stage WST stationary, and a position deviation 
amount of a detection central point of the off alignment 
system OWA and the refence board FP is also obtained. Furthermore, inside counters are 
mutually preset to make measurement values of interferometers (IFX.IFY1) used during off 
axis alignment and interferometers (IFX, IFY2) used during exposure equal at a position of the 
wafer stage WST when a base line is measured. 
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* NOTICES ♦ 

JPO and ZNPIT are not responsible for any 
danaffes caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The mask stage holding a mask, and the projection system which projects the pattern of this 
mask. The substrate stage which holds a sensitization substrate and carries out two-dimensional 
migration into the image formation side of this projection system. In order to measure the aligimient 
system which has the detection central point in the location which separated only fixed spacing from the 
optical axis of said projection system, and detects the mark on said sensitization substrate, and the 
coordinate location of said substrate stage One pair of 1st interferometers equipped with two 
measurement shafts which intersect perpendicularly in the detection central point of said alignment 
system, It has one pair of 2nd interferometers equipped with two measurement shafts which intersect 
perpendicularly in the optical-axis location of said projection system. After measuring the relative- 
position relation between the coordinate of the specifying point on said mask which may be projected by 
said projection system, and the coordinate of the detection central point of said alignment system and 
calculating the amount of base lines. In the equipment which carries out alignment of said sensitization 
substrate by said alignment system, is made to move on said substrate stage based on this alignment 
result and said amount of base lines, and positions said sensitization substrate in the exposure location 
by said projection system The 1st reference mark which may be detected by said alignment system while 
being fixed on said substrate stage. It is based on arrangement with the 1st reference mark on the 
orientation plate with which the specifying point of said mask and the 2nd reference mark which may be 
set as the most important physical relationship were formed when this 1st reference mark was positioned 
in said detection central point, and; this orientation plate, and the 2nd reference mark. The projection 
ali^er characterized by having a setting means to set up in the halt location of said substrate stage 
positioned in case said amount of base lines is measured so that the measured value of said 1st 
interferometer and the measured value of said 2nd interferometer may become equal to one of measured 
value. 

[Claim 2] In order to detect the projection system which carries out image formation projection of the 
pattem of a mask to a sensitization substrate, the substrate stage which holds said sensitization substrate 
and carries out two-dimensional migration, and the mark on said sensitization substrate The 1st mark 
detection rneans which had the detection central point set as the predetermined location of the outside of 
the projection visual field field of said projection system. In order to measure the 2nd mark detection 
means for detecting the pattem on the body located in the predetermined location inside said projection 
visual field field in the mark on said mask, or the projection image side of said projection system, and 
the coordinate location of said substrate stage In the projection aligner equipped with 1 set of 1st 
interferometers equipped with two measurement shafts which intersect perpendicularly in the detection 
central point of said 1st mark detection means, and 1 set of 2nd interferometers equipped with two 
measurement shafts which intersect perpendicularly in the optical-axis location of said projection system 
For the orientation plate with which it was prepared on said substrate stage, and the 1st reference mark 
and the 2nd reference mark were formed in the location corresponding to the arrangement relation on a 
design with the projecting point of the mark of said mask by said projection system, and the detection 
central point of said 1st mark detection means, and; base-line measurement Said 1st reference mark is 
located near the detection central point of said 1st mark detection means. And when the control means 
and; this positioning which position said substrate stage so that said 2nd reference mark may be located 
near the projecting point of the mark of said mask are performed. So that the current position of the stage 
measured by said 1st interferometer and the current position of the stage measured by said 2nd 
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interferometer may be authorized as the same location The projection aligner characterized by 
establishing an amendment means to amend the coordinate measured value at least by one side of said 
1st interferometer and 2nd interferometer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the projection aligner equipped with the function to 
manage the base line of the alignment system of an off-axis method with high precision especially, about 
the projection aligner which exposes the sensitization layer applied to substrates, such as a semi- 
conductor wafer and a glass plate for liquid crystal. 
[0002] 

[Description of the Prior Art] Conventionally, in the projection aligner (it is hereafter called a stepper for 
convenience) equipped with the off-axis alignment system, the mark plate used as criteria was fixed on 
the wafer stage which holds a sensitization substrate (it considers as a wafer hereafter), and carries out 
two-dimensional migration by the step-and-repeat method, and the distance between an off-axis 
alignment system and projection optics and ttie so-called amount of base lines were managed using this 
reference mark plate as indicated by JP,53-56975,A, JP,56-134737,A, etc. Drawing 1 is drawing which 
expressed typically the principle of the base-line measurement indicated by each above-mentioned 
official report. In drawing 1 , the main condenser lens ICL illuminates Reticle (mask) R to homogeneity 
at the time of exposure. Reticle R is held in a reticle stage RST, and this reticle stage RST is moved so 
that the core CC of Reticle R may be made to agree with the optical axis AX of the projection lens PL. 
On the other hand on the wafer stage WST, reference mark FM equivalent to the alignment mark formed 
in the wafer front face is attached, and if Stage WST is positioned so that this reference mark FM may 
come to the predetermined location within the projection visual field of the projection lens PL, Mark 
RM and reference mark FM of Reticle R will be detected by the alignment system DDA of the TTL 
(SURUZA lens) method formed above Reticle R at coincidence. The distance La with the core CC of 
Mark RM and Reticle R is the value which became settled beforehand on the design, and the distance of 
the projecting point of Mark RM and the projecting point of Core CC by the side of the image surface of 
the projection lens PL (wafer side) serves as La/M. M is the scale factor of the projection lens PL when 
seeing a reticle side from a wafer side here, and, in the case of 1 / 5 contraction projection lens, it is M= 

[0003] Moreover, the wafer alignment system OWA of an off-axis method is fixed to the outside 
(outside of a projection visual field) of the projection lens PL. The optical axis of the wafer alignment 
system OWA is parallel to the optical axis AX of the projection lens PL in a projection image side side. 
And the target mark TM which serves as criteria at the time of carrying out alignment of the mark or 
reference mark FM on a wafer inside the wafer alignment system OWA is formed in a glass plate, and is 
mostly arranged conjugate with a projection image side (a wafer front face or field of reference mark 
FM). 

[0004] Now, the amount BL of base lines is the location XI of the stage WST as shown in drawing 1 , 
when alignment of the reticle mark RM and the reference mark FM is carried out. Location X2 of the 
stage WST when alignment of the index mark TM and the reference mark FM is carried out It measures 
with a laser interferometer etc. and asks by calculating the difference (XI -X2). This amount BL of base 
lines turns into a basis when carrying out alignment of the mark on a wafer by the wafer alignment 
system OWA later, and sending in directly under the projection lens PL. That is, it is the location of the 
wafer stage WST when XP and a wafer mark agree spacing of the core of the (the exposed field) of one 
shot on a wafer, and the mark on a wafer with the index mark TM X3 What is necessary is just to move 
the wafer stage WST to the location of a degree type, in order to make a shot core and the reticle core 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



5/7/2007 



JP,05-021314,A [DETAILED DESCRIPTION] 



Page 2 of 23 



CC agree, when it carries out. 
[0005] 

X3 -BL-XP or X3-BL+XP ~ in addition, this formula only expresses only the direction of a single 
dimension theoretically, and needs to consider it by two-dimensional in fact, and the count approach 
changes further with arrangement of the TTL alignment system DDA (namely, the mark RM), 
arrangement of the wafer alignment system OWA, etc. 

[0006] make it any — immediately after detecting the mark location on a wafer using the wafer 
alignment system OWA of an off-axis method, only by sending in the wafer stage WST, only a constant 
rate can lay the pattern of Reticle R correctly on top of the shot field on a wafer, and can expose it to it. 

[0007] 

[Problem(s) to be Solved by the Invention] In the Prior art like the above, in case the physical 
relationship (the amount BL of base lines) of the detection central point (core of the index mark TM) of 
the alignment system OWA of an off-axis method and a projecting point with the projection lens PL of 
the mark RM of Reticle R is measured, the relative distance moves the wafer stage WST, and is found 
with the laser interferometer. For this reason, in improvement in precision of base-line measurement, the 
limitation was naturally generated according to the factor which is not avoided inevitably [ the air 
fluctuation of the nm precision of the wafer stage WST, and the laser beam optical path of a laser 
interferometer etc. ]. Moreover, the wafer stage WST for positioning reference mark FM to the detection 
central point of the off-axis alignment system OWA needs migration of the wafer stage WST for 
positioning reference mark FM in the detection field of the TTL alignment system DDA, and to be 
moved, and there was a limitation also in raising the rate of base-line measurement processing naturally. 
[0008] in the further conventional stepper, the production of the length measurement shaft (beam optical 
axis) of the laser interferometer for location measurement of the wafer stage WST is set up so that the 
direction of X and the direction of Y may also be intersected with the optical axis of a projection lens — 
****-- when not passing but detecting various marks by the off-axis alignment system OWA, it may be 
said that it is difficult to always realize the direction of mark detection where an Abbe error (sign error) 
becomes zero Therefore, preparing the group of a laser interferometer with which an Abbe error serves 
as zero to the optical axis of a projection lens, and the group of a laser interferometer with which an 
Abbe error serves as zero to the detection central point of the off-axis alignment system OWA is also 
considered. In this case, although it will use by the stage location measurement at the time of the wafer 
aligiunent using the off-axis alignment system OWA, and the stage location measurement at the time of 
projection exposure, changing, 2 sets of laser interferometers will cause an error with a natural thing, if 
the adjustment (unity) of the value in those both location measurement is not taken into consideration. 
[0009] This invention was made in view of such a conventional trouble, and aims at obtaining the 
projection aligner which aimed at improvement in base-line measurement precision, and improvement in 
processing speed. 
[0010] 

[Means for Solving the Problem] Reference mark FM2 adjusted with the mark RM on Reticle R on the 
wafer stage WST in this invention The detection central point of the off-axis alignment system OWA, 
and reference mark FMl to adjust The orientation plate FP formed together is formed. And at the time of 
base-line measurement, the amount of location gaps of Reticle R and an orientation plate FP is 
calculated in the condition of having made the wafer stage WST standing it still, and coincidence was 
asked for the amount of location gaps of the detection central point of the off-axis alignment system 
OWA, and an orientation plate FP. 

[001 1] Furthermore, one pair of interferometers (IFX and IFYl) which fill an Abbe error to the off-axis 
alignment system OWA, and one pair of interferometers (IFX and IFY2) which fill an Abbe error to 
projection optics were formed, and it constituted from a location of the wafer stage WST at the time of 
the above-mentioned base-line measurement so that the measured value by the 2 above-mentioned sets 
of interferometers might become equal, and an internal coimter could be preset mutually. 
[0012] 

[Function] If it presets so that the measiired value of 2 sets of interferometers may become equal in case 
the location of Reticle R is measured using an orientation plate FP at the time of base-line measurement, 
the imagination line which cormects the same direction, for example, the origin/datum of two 
interferometers for the direction measurement of Y, will become parallel to the reflector and precision of 
the migration mirror (IMy) for the directions of Y on a wafer stage. 

[001 3] Therefore, if it is after presetting, even if it chooses either of 2 sets of interferometers and uses 
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for the position control of a wafer stage as it is, an error will not arise at all. 
[0014] 

[Example] Drawing 2 is the perspective view showing the configuration of the projection aligner by the 
example of this invention, and has attached the same sign to the same member as the conventional 
equipment of drawing 1 . Reticle marks [ RM / RM and / 2 ] 1 for pattern space PA and alignment by 
which the circuit pattern which should be exposed on a wafer was formed on Reticle R in drawing 2 It is 
prepared. These reticle marks [ RM / RM and / 2 ] 1 It is detected in photoelectricity through the 
objective lenses 1 A and IB of a TTL alignment system, respectively. Moreover, the reticle stage RST is 
movable to two-dimensional (X, Y, the direction of theta) by drive systems, such as a motor which is not 
illustrated in the inside of drawing 2 , and sequential measurement of the movement magnitude or the 
migration location is carried out by three laser interferometers IRX and IRY and IRtheta. The rotation of 
the circumference of the Z-axis (axis of coordinates parallel to an optical axis AX) of a reticle stage RST 
is calculated with the difference of the measurement value of Interferometer IRY and IRtheta, the 
amount of parallel displacements of Y shaft orientations is calculated by the addition average of the 
measurement value of an interference system IRY and IRtheta, and the amount of parallel displacements 
of X shaft orientations is calculated with Interferometer IRX. 

[0015] In this example, by the object for the directions of X, and the object for the directions of Y, the 
2nd TTL alignment system which detects the mark on Wafer W through the projection lens PL 
dissociates, and is prepared. The 2nd TTL alignment system for the directions of X consists of a reticle 
stage RST, mirror 2X fixed between the projection lenses PL, objective lens 3X, etc., and the 2nd TTL 
alignment system for the directions of Y consist? of mirror 2Y, objective lens 3Y, etc. which have been 
arranged similarly. 

[0016] In this example, the 1st TTL alignment system containing objective lenses lA and IB is 
henceforth made for a TTR (SURUZA reticle) alignment system and the 2nd TTL alignment system 
containing a call and objective lenses 3X and 3Y to only call it a TTL alignment system. Now, the 
migration mirror IMx which reflects the beam fi-om a laser interferometer IPX on two sides of the wafer 
stage WST in which Wafer W is laid, and a laser interferometer IFYl and IFY2 The migration mirror 
IMy which reflects the beam fi-om each is being fixed. The beam fi-om Interferometer IPX is 
perpendicular to the reflector of the migration mirror IMx extended in the direction of Y, and the 
production of the optical axis AX of the projection lens PL and the production of the beam cross at right 
angles, interferometer IFY2 firom — the beam is perpendicular to the reflector of the migration mirror 
IMy extended in the direction of X, and the production of an optical axis AX and the production of the 
beam also cross at right angles, another interferometer IFYl from ~ a beam ~ the reflector of the 
migration mirror IMy ~ perpendicular ~ interferometer IFY2 They are a beam and parallel. 
[001 7] Moreover, the wafer alignment system of an off-axis method consists of reflecting prism (or 
mirror) 4A, objective lens 4B, etc. which were fixed to the latest of the lower limit section of the 
projection lens PL. Light-receiving system 4C of a wafer alignment system picturizes the mark on the 
wafer by which image formation was carried out to the target mark plate through prism 4A and objective 
lens 4B including the conjugation target mark TM inside etc. with a CCD camera. In this example, the 
optical axis of objective lens 4B which falls on the wafer stage WST through prism 4A, and the optical 
axis AX of the projection lens PL leave only fixed spacing only in the direction of X, and it is set up so 
that there may almost be no location difference about the direction of Y. 

[001 8] The production of the optical axis which furthermore falls to the wafer stage WST of objective 
lens 4B is the production and interferometer IFYl of a beam of Interferometer IPX. It intersects 
perpendicularly with each of the production of a beam. Arrangement of such an interferometer is 
indicated by JP,1 -309324 ,A in detail. On the wafer stage WST, the orientation plate FP which attached 
two reference marks FMl and FM2 for base-line measurement is fixed. An orientation plate FP is 
arranged at the comer surrounded in two migration mirrors IMx and IMy on the wafer stage WST, forms 
protection-from-light layers, such as chromium, in the front face of transparent materials of a low 
expansion coefficient, such as a quartz plate, and etches the part into the configuration of reference 
marks FMl and FM2. Reference mark FMl can be detected by the wafer alignment system (4A, 4B, 4C) 
of an off-axis method, and can detect reference mark FM2 by the TTR alignment system (1 A, IB) or the 
TTL alignment system (2X, 3X;2Y, 3Y). 

[001 9] Although correctiy made from a submicron precision, when there is a residual arrangement error 
amount, spacing of the direction of X of these reference marks FMl and FM2 shall measure the value to 
a precision beforehand, and shall be called for as an equipment constant. Drawing 3 is the top view 
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showing arrangement of each part material on the wafer stage WST, on the wafer stage WST, Wafer W 
is laid in the minute pivotable wafer holder WH, and vacuum adsorption is carried out. In this example, 
after PURIARAIMENTO mechanically so that the notching OF of the shape of a straight line of Wafer 
W may become the X-axis and parallel, it is laid on the wafer holder WH. 

[0020] As shown in drawing 3 , the core (optical axis AX) of the diameter of the lens-barrel lower limit 
section of the projection lens PL and the visual field of objective lens 4B are arranged so that it may 
approach as much as possible. Thus, when the projection lens PL and the orientation plate FP have been 
arranged, since Wafer W is moving to the diagonal below most among drawing fi-om the location 
[ directly under ] of the projection lens PL, loading of Wafer W and unloading are possible for it in this 
condition. This arrangement is indicated by JP,63-224326,A. 

[0021 ] Drawing 4 is the top view showing detailed mark arrangement of the reference marks FMl and 
FM2 on an orientation plate FP. It sets to drawing 4 and is the straight line LY2 parallel to a straight line 
LX and a Y-axis parallel to the X-axis, An intersection is reference mark FM2. It is a core and the 
intersection is mostly in agreement with the optical axis AX of the projection lens PL at the time of 
base-line measurement. In this example, the cross-joint-like slit mark IFS of a luminescence mold is 
arranged on the intersection, and only the partial field ISa where the illimiination light of the same 
wavelength as exposure light includes the luminescence slit mark IFS fi-om the background of an 
orientation plate FP is illuminated. Moreover, in two symmetrical places which sandwich the 
luminescence slit mark IFS on a straight line LX, they are the reticle marks [ RM / RM and / 2 ] 1 . 
Reference mark FM2A corresponding to each arrangement and FM2B are prepared. This mark FM2A 
and FM2B are what etched the chromium layer on an orientation plate FP to the cross-joint-like slit, and 
mark FM2A is the reticle mark RM 1 . Alignment is carried out and mark FM2B is the reticle mark RM 
2. Alignment is carried out. 

[0022] The circular field PIF which makes a zero the core (intersection) of the luminescence slit mark 
IFS is a projection visual field field of the projection lens PL. The TTL alignment system for the 
directions of X which was shown in drawing 2 in the case of this example (2 X) The mark LIMx 
detectable [ with 3X ] is the straight line LY2 in the visual field field PIF. It is arranged upwards and two 
marks LIMy and LSMy detectable [ with the TTL alignment system for the directions of Y (2Y, 3Y) ] 
are arranged on the straight line LX of the visual field field PIF. Although the detailed arrangement 
relation of each mark is described fiirther later At this example, two TTL alignment systems 1 A and IB 
are the reticle marks [ RM / RM and / 2 ] 1, respectively. Reference mark FM2A and FM2B in the 
condition of having detected to coincidence The TTL alignment system for the directions of X (2X, 3X) 
detected Mark LIMx, and each mark FM2A, FM2B, LIMx, and LIMy have been arranged so that the 
TTL alignment system for the directions of Y (2Y, 3Y) may be made. 

[0023] on the other hand ~ straight line LY2 fi-om ~ straight line LYl by which only fixed distance was 
left and set up in the direction of X a Y-axis ~ parallel ~ this straight line LYl On the intersection of a 
straight line LX, reference mark FMl of the magnitude which may be included in the visual field MIF of 
objective lens 4B of an off-axis alignment system is formed. Marks FM 1 are each of the direction of X, 
and the direction of Y, and the aggregate of two or more Rhine patterns prepared in parallel so that two- 
dimensional alignment may be possible, in addition, clear firom the above explanation ~ as ~ an 
orientation plate FP ~ straight line LYl the inside of a X-Y flat surface — the center line (length 
measurement shaft) of the beam of an interferometer IFYl ~ as much as possible ~ in agreement ~ 
straight line LY2 Interferometer IFY2 It is fixed on the wafer stage WST so that it may be in agreement 
with the center line (length measurement shaft) of a beam as much as possible (that is, a rotation gap is 
not caused as much as possible ~ as). 

[0024] Furthermore, straight lines LX and LYl Two reference mark FM2C and FM2D are prepared in 
the symmetrical location on a straight line LX across the intersection. Reference mark FM2C and FM2D 
are the cross-joint-like slit patterns of reference mark FM2A, the completely same configuration as 
FM2B, and magnitude, and spacing of the direction of X of diem is also completely the same as spacing 
of mark FM2A and FM2B. In addition, the mark LSMx in drawing 4 is detected by the TTL alignment 
system for the directions of X (2X, 3X), and is prepared in the same location as the X coordinate value 
of reference mark FM2B. 

[0025] Drawing 5 is what expanded only each mark arrangement by the side of reference mark FM2 on 
an orientation plate FP, and shows the condition of having made the core of the projection visual field 
field PIF of the projection lens PL agreeing at the intersection of the luminescence slit mark IFS. The 
physical relationship of the appearance of Reticle R and the appearance of pattern space PA which were 
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further positioned ideally in the condition is expressed with the two-dot chain line to drawing 5 . 
Although the marks LIMx and LIMy for TTL alignment systems are located in the outermost periphery 
of the projection visual field PIF, this is because it has arranged so that the mirrors 2X and 2Y at the tip 
of a TTL alignment system may not shade the projection field of pattern space PA. In this condition, 
reference mark FM2A is the reticle mark RM 1. Although it may have consistency The reticle mark RM 
1 (the same is said of RM2) Double slit mark RMl x prolonged in double slit mark RMl y prolonged in 
the direction of X, and the direction of Y as shown in drawing 6 It is constituted and is these mark RMl 
y and RMl x. It is made as an vimbra by the area pellucida surroimded by the rectangular protection- 
firom-light object SB. The slit to which the slit prolonged in the direction of X among the cross-joint-like 
slits of reference mark FM2A was inserted in double slit mark RMl y, and extended in the direction of 
Y is double slit mark RMl x. It means that ideal alignment was attained by being inserted. 
[0026] Here, it is the spacing Kl of the direction of X of the core of reference mark FM2A, and the core 
of Mark LIMy. Spacing K2 of the direction of X of the core of the luminescence slit mark IFS, and the 
core of Mark LSMy The luminescence slit mark IFS shown in drawing 6 is the reticle mark RM I . It is 
set up so that only amount of offset delta Xk (wafer side reduced property) of the direction of X when 
carrying out the direction scan of Y may have a difference. That is, it is set as Kl =K2+deltaXk or Kl 
=K2-deltaXk. 

[0027] The center position of the direction of X of the mark LSMx detectable by the TTL alignment 
system further for the directions of X is in agreement with the center position of the direction of X of 
reference mark FM2B. This is the spacing K3 of the direction of X of each central point, two 2Bs, 
reference mark FM2A and FM2B, and the core of the luminescence slit mark IFS. They are the 
conditions both realized when equal. Moreover, the location of the direction of Y of Mark LSMx is 
spacing of K4 and the direction of Y of the core of the luminescence mark IFS, and the core of Mark 
LSMx strictly about spacing of the direction of Y of the core of the luminescence mark IFS, and the core 
of Mark LIMx, although it is ahnost equal to the location of the direction of Y of Mark LIMx K5 When 
it carries out, it is set as the relation of K4 =K5+deltaYk or K4 =K5-deltaYk. (In addition, K4 and K5 
omit illustration) . As deltaYk is shown in drawing 6 here, the liiminescence slit mark IFS is the reticle 
mark RM 1 . Double slit mark RMl x It is the amount of offset of the direction of Y when scanning in 
the direction of X. 

[0028] Next, with reference to drawing 7 , the detailed configuration of a TTR aligrunent system (1 A) is 
explained. Reticle mark RM 1 Up, a total reflection mirror 100 is installed at 45 degrees, and makes 
perpendicular the optical axis of the objective lens 101 arranged horizontally to Reticle R. For vertical 
illumination, this TTR alignment system changes cutoff of a beam splitter 102, the light source 103 
which generates the light of exposure wavelength, and the illumination light, and passage. It has the self- 
illumination system which consisted of a condenser lens 106 for condensing the illumination light fi-om 
the injection edge of the **♦*♦♦ optical fiber 105 and an optical fiber 105 for a shutter 104 and the 
illumination light, and carrying out homogeneity lighting of the illuminated viewing field diaphragm 
107, and a lens system 109 which carries out light transmission of the illumination light firom a field 
diaphragm 107 to an objective lens 101 on Koehler illumination conditions. In this way, an objective 
lens 101 is the mark RM 1 of Reticle R. Only the inside of the formed protection-firom-light band SB is 
illimiinated. this ~ mark RM 1 from ~ it is reflected by the beam splitter 1 02 through a mirror 100 and 
an objective lens 101, and the reflected light carries out incidence to the image formation lens 110. Mark 
RM 1 The image flux of light is divided into two by the half mirror 111, and expansion image formation 
is carried out with the image formation lens 1 10 on each image pick-up side of CCD camera 1 12Y CCD 
camera 1 12X for the direction detection of X, and for the direction detection of Y. CCD cameras 1 12X 
and 1 12Y are arranged so that the direction of the horizontal scanning line to the expansion image of a 
mark RM 1 may intersect perpendicularly mutually. 

[0029] Under the present circumstances, mark RM 1 If reference mark FM2A on an orientation plate FP 
is located directly under the inside field of the included protection-fi-om-light band SB, CCD 1 1 2X and 
1 12Y will picturize the slit of the shape of a cross joint of reference mark FM2A as linea nigra. They are 
the slit which image-processing circuit 1 13X carried out digital wave processing of the picture signal 
from CCD camera 1 12X, and was prolonged in the direction of Y of reference mark FM2A, and the 
reticle mark RM 1 . Double slit mark RMl x The amount of location gaps of the direction of X (the 
direction of a horizontal scanning line) is calculated. They are the slit which image-processing circuit 
1 13Y carried out digital wave processing of the picture signal fit)m CCD cameral 12Y, and was 
prolonged in the direction of X of reference mark FM2A, and the reticle mark RM 1 . Double slit mark 
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RMl y The amount of location gaps of the direction (the direction of a horizontal scanning line) of Y is 
calculated. It is reference mark FM2A and the reticle mark RM 1 which were asked for the main control 
system 1 14 in the processing circuits 1 13X and 11 3 Y. When the amount of location gaps of X and the 
direction of Y is outside the tolerance set up beforehand, the drive system 1 1 5 of a reticle stage RST is 
controlled, and the location of Reticle R is amended. 

[0030] The drive system 115 is calculating the measurement value which has detected the location 
before amendment of a reticle stage RST (X, Y, theta), and three interferometers IRX and IRY and 
IRtheta should detect after amendment by three interferometers IRX and IRY shown in drawing 2 , and 
IRtheta by the operation. Therefore, a drive system 115 positions a reticle stage RST by location servo 
control so that each measurement value of three interferometers IRX and IRY and IRtheta may turn into 
a measurement value which should be detected after amendment. Moreover, the main control system 
1 14 is interferometers IPX and IFYl or IFY2 about migration of the wafer stage WST. The drive system 
116 which carries out location servo control based on a measurement value is also controlled. 
[003 1] Now, the luminescence mark light-receiving system which detects the illumination light from the 
luminescence mark IPS on an orientation plate FP through the area pellucida, the mirror 100, the 
objective lens 101, the beam splitter 102, the internal lens system 109, and internal beam splitter 108 of 
the projection lens PL and the protection-from-light band SB of Reticle R is prepared in TTL alignment 
system 1 A shown in drawing 7 . This luminescence mark light-receiving system consists of a lens 
system 120 and photoelectrical sensor (photomultipUer) 121 grade, and the light-receiving side of the 
photoelectrical sensor 121 is arranged the pupil EP of the projection lens PL and the pupil surface 
between an objective lens 101 and a lens system 109, and conjugate. The photoelectrical sensor 121 
carries out photoelectrical detection of the amount of transmitted lights which changes when the 
luminescence mark IPS scans the reticle mark RM 1 (or RM2), and outputs the photoelectrical signal 
SSD according to the change, processing of this photoelectrical signal SSD ~ the scan of the wafer stage 
WST ~ following ~ interferometers IPX and IPY2 from - the up-and-down pulse (it is one pulse for 
every movement magnitude of 0.02 micrometers) outputted is answered, the digital sampling of the 
signal wave form is carried out, and it is carried out by memorizing in memory. 

[0032] Next, with reference to drawing 8 , an example of the configuration of the TTL alignment system 
in drawing 2 (2Y, 3 Y) is explained. The TTL alignment system used by this example used the red light 
from the helium-Ne laser light source 130 as mark illumination light, and has prevented the effect of [ at 
the time of the mark reflected light detection by the resist layer of Wafer W ], and sensitization of a 
resist layer, Purthermore, two alignment sensors by which mark detection principles differ are built into 
this TTL alignment system, objective lens 3Y is share-ized and two aligiunent sensors are used 
alternatively. Since it is indicated by JP,2-272305,A or JP,2-28301 1,A at tiie detail, such a configuration 
is explained briefly here. 

[0033] The helium-Ne laser beam from a laser light source 130 is divided by the beam splitter 131, and 
results in the shutters 132A and 132B opened and closed complementary. In drawing 8 , shutter 132A 
opens, it is in the condition that shutter 132B closed, and incidence of the laser beam is carried out to 
light fransmission system 133 A of 2 flux-of-light interference alignment (LIA) method. This light 
transmission system 133 A divides into two laser beams the beam which carried out incidence, and gives 
and outputs a fixed delta frequency to two laser beams using an acoustooptics modulation element. In 
the case of drawing 8 , two laser beams outputted from light transmission A133A are located in a line in 
parallel with a direction perpendicular to the space of this drawing. It is reflected by the half mirror 134 
and these two laser beams are fiirther divided into two by the beam splitter 135. Two laser beams 
reflected by the beam splitter 135 cross on drawing APA of a wafer conjugation side by objective lens 
3 Y. It reflects by mirror 2Y, and incidence of the two parallel laser beams which passed along drawing 
APA is carried out to the projection lens PL, and they cross again on Wafer W or an orientation plate FP. 
A 1 -dimensional interference fringe is made in the field where these two laser beams cross, and that 
interference fiinge flows in the pitch direction of an interference fringe at the rate according to the 
frequency difference of two beams. 

[0034] Then, if the marks LIMy and LIMx shown in drawing 4 and drawing 5 are used as a diffraction 
grating parallel to an interference fiinge, from the marks LIMx and LIMy of the shape of the diffraction 
grating, the interference beat light which carries out on-the-sfrength change with the beat frequency 
according to a frequency difference will occur. If the pitch of the diffraction grating of Marks LIMx and 
LIMy and the pitch of an interference fiinge are made a certain fixed relation, it will generate 
perpendicularly from Wafer W or an orientation plate FP, and the interference beat light will return in 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



5/7/2007 



JP,05-021314,A [DETAILED DESCRIPTION] 



Page 7 of 23 



accordance with the optical path of two light transmission beams in order of mirror 2Y, Diaphragm 
APA, and objective lens 3Y through the projection lens PL. Interference beat light penetrates a beam 
splitter 135 in part, and reaches a photodetector 139. The light-receiving side of a photodetector 139 is 
mostly arranged with the pupil surface EP of the projection lens PL conjugate. Moreover, two or more 
photoelectric elements (a photodiode, photo transistor, etc.) separate into the light-receiving side of a 
photodetector 1 39 mutually, it is arranged, and interference beat light is received by the photoelectric 
element located at the core (core of a pupil surface) of a photodetector 139. The photoelectriced signal 
turns into an AC signal of the shape of a sine wave of a frequency equal to beat frequency, and is 
inputted into the phase contrast measurement circuit 140. 

[0035] Moreover, with the inverse Fourier transform lens 136, on the reference grid plate 137 of a 
transparency mold, two light transmission beams which penetrated the beam splitter 135 serve as the 
parallel flux of light, and cross. Therefore, a 1 -dimensional interference fringe is formed on the reference 
grid plate 137, and this interference fringe flows to an one direction at the rate according to beat 
frequency. A photoelectric element 138 receives either the interference light of the primary [ **] 
diffracted light generated on the same axle from the reference grid plate 137, or the interference light of 
zero-order light and the secondary diffracted light. These interference lights also carry out on-the- 
sfrength change on a frequency equal to beat frequency at the shape of a sine wave, and a photoelectric 
element 138 outputs the AC signal of a frequency equal to beat frequency to the phase contrast 
measurement circuit 140 as a reference signal. 

[0036] The phase confrast measurement circuit 140 asks for phase confrast deltaphi (less than **180 
degrees) of the AC signal from a photodetector 139 on the basis of the reference signal from a 
photoelectric element 138, and outputs the information SSB on the amoimt of location gaps of the 
direction of Y of the mark LIMy on the orientation plate FP corresponding to the phase contrast deltaphi 
(or mark on an equivalent wafer), i.e., the grid pitch direction, to the main confrol system 1 14 in drawing 
7 . Although the resolving power of location gap detection is decided by the relation between the pitch 
of Mark LIMy, and the pitch of the interference fringe irradiated on this mark, and resolving power of a 
phase contrast detector Supposing phase contrast detection power is degree, when the pitch Pf of 8 
micrometers and an interference fringe is set to Pg/2 for the grid pitch Pg of Mark LIMy, location gap 
detection power is expressed with ♦*(l-degree / 180 degrees) x (Pg/4), and is set to about ♦♦0.01 
micrometers. 

[0037] Based on the location gap information SSB from the TTL alignment system of the LIA method 
of such a high resolution, the main control system 1 14 of drawing 7 can carry out servo control of the 
drive system 11 6 of the wafer stage WST, and it can carry out the servo lock of the wafer stage WST so 
that the mark LIMy on an orientation plate FP may always be driven into fixed physical relationship to 
the reference grid plate 137. 

[0038] however, the case where a servo lock is performed — a photoelectric element 138 and a 
photodetector 139 ~ respectively ~ since ~ since the phase contrast of a signal should be just stable in 
the predetermined value, a servo lock is possible only by not changing phase contrast into the amount of 
location gaps, and detecting only the variation of phase contrast especially. A TTL alignment system one 
detection method which will be accepted As indicated by JP,2-23301 1,A hung up previously A mark is 
scanned to the laser spot light of the shape of SURRITO prolonged in the direction of mark detection, 
and the direction which intersects perpendicularly, interferometers IFX and IFY2 produced with the 
diffraction generated from the mark, and the signal level obtained by carrying out photoelectrical 
detection of the scattered light in migration of the wafer stage WST for a mark scan from ~ it is the 
method which answers an up-and-down pulse and carries out a digital sampling. 
[0039] When shutter 132 A closes and shutter 132B is open, a laser beam carries out incidence to light 
transmission system 133B of the laser step alignment (LSA) method in drawing 8 . The beam which 
carried out incidence is an operation of a beam expander and a cylindrical lens, and the beam cross 
section of a condensing point is fabricated in the shape of [ which was prolonged in the one direction ] a 
slit, and carries out incidence of it to the projection lens PL through beam splitters 134 and 135, lens 
system 3Y, and mirror 2Y. Under the present circumstances, ♦* APA serves as a wafer side (field of an 
orientation plate FP), and conjugate under the wavelength of a helium-Ne laser beam, and a beam is 
condensed in the shape of a slit here. In the case of the TTL alignment system shown in drawing 8 , the 
beam spot made by the LSA method is fabricated in the shape of [ which was prolonged in the direction 
of X in the location where it was stood still within the projection visual field PIF ] a slit. When the wafer 
stage WST is scanned in the direction of Y and the mark LSMy on an orientation plate FP crosses the 
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beam spot, the difiracted light generated from this mark LSMy or the scattered light reaches a 
photodetector 139 through the projection lens PL, mirror 2Y, objective lens 3Y, and a beam splitter 135, 
and is received by the photoelectric element of perimeters other than a central photoelectric element. The 
photoelectrical signed from this photoelectric element is inputted into the LSA processing circuit 142, it 
answers up-and-down pulse signal UDP from the interferometer IFY2 for the wafer stages WST (or 
IFYl), and a digital sampling is carried out. The processing circuit 142 memorizes in memory the signal 
wave form by which the digital sampling was carried out, by high-speed wave processing using a digital 
operation, computes the Y coordinate value of the wafer stage WST in case the central point of the 
direction of Y of the slit-like spot light of a LSA method and the central point of the direction of Y of 
Mark LSMy agree in a precision from the wave on memory, and outputs it as mark positional 
information SSA. This information SSA is sent to the main control system 114 in drawing 7 , and is used 
for drive control of the drive system 1 1 6 of the wafer stage WST. 

[0040] Moreover, the memory which answers at up-and-down pulse signal UDP, and carries out the 
digital sampling of the photoelectrical signal SSD from the photoelectrical sensor 121 of drawing 7 into 
the LSA processing circuit 142, It has the circuit which carries out high-speed data processing of the 
signal wave form in memory, and is the reticle mark RM 1 . The coordinate value of the wafer stage 
WST in case a projection image and the luminescence mark IPS with the projection lens PL are in 
agreement Reticle mark RM 1 It outputs to the main control system 1 14 as projection positional 
information SSC. 

[0041] Next, with reference to drawing 9 and drawing 10 , the detailed configuration of the off-axis 
alignment system OWA is explained. Drawing 10 shows ttie configuration of the off-axis alignment 
system OWA, IMP expresses a wafer front face or the front face of an orientation plate FP, and image 
formation of the image of the surface field located in the visual field MIF of objective lens 4B is carried 
out on index plate 4F through prism mirror 4A, objective lens 4B, mirror 4C, lens system 4D, and half 
mirror 4E. The light which illuminates a front face IMP goes to a front face IMP through lens system 
4D, mirror 4C, and objective lens 4B and prism 4A through half mirror 4E. The illvmiination light has 
the bandwidth of about 300run in the wavelength region where the sensibility to the resist layer of a 
wafer is very low. 

[0042] Index plate 4F are the index mark TMXl which consists of two or more Rhine patterns (4 [ for 
example, ]) by the protection-from-light section on clear glass as shown in drawing 9 , TMX2, TMYl , 
and TMY2. It forms. Drawing 10 is the straight lines LX and LYl set up on the orientation plate FP. The 
condition that the intersection and the core of index plate 4F were in agreement is expressed. The index 
mark TMXl and TMX2 Reference mark FMl on an orientation plate FP It is prepared so that it may 
insert in the direction of X, and they are the index mark TMYl and TMY2. Reference mark FMl It is 
prepared so that it may insert in the direction of Y. 

[0043] Now, expansion image formation of each index mark on target board 4F and the image of 
reference mark FMl (or mark on a wafer) is carried out to image formation lens 4G for an image pick- 
up on two CCD camera 4X and 4Y through half mirror 4H. The image pick-up field of CCD camera 4X 
is set as field 40X in drawing 9 on target board 4F, and the image pick-up field of CCD camera 4Y is set 
as field 40Y. And the horizontal scaiming line of CCD camera 4X is the index mark TMXl and TMX2. 
It is set in the direction of X which intersects perpendicularly with the Rhine pattern, and the horizontal 
scanning line of CCD camera 4Y is the index mark TMYl and TMY2. It is set in the direction of Y 
which intersects perpendicularly with the Rhine pattern. The picture signal from each of CCD cameras 
4X and 4Y The circuit which carries out the digital sampling of the signal level for every pixel, the 
circuit which carries out the conversion average of the picture signal (digital value) acquired for two or 
more horizontal scaiming lines of every, The index mark TM and reference mark FMl It is processed in 
wave processing circuits, such as a circuit which calculates each amount of location gaps of the direction 
of X, and the direction of Y at a high speed, and the information on the amount of location gaps is sent 
to the main control system 1 14 of drawing 7 as information SSE. 

[0044] In addition, in the case of this example, the detection central point of the off-axis alignment 
system OWA is two index marks TMXl about the direction of X as an example. TMX2 It is 2 grade 
equinoctial point of the direction of X, and they are two index marks TMYl about the direction of Y. 
TMY2 It is 2 grade equinoctial point of the direction of Y. However, depending on the case, they are 
two index marks TMXl and TMX2. Inside TMX2, for example, a mark, The central point of the 
direction of X may be set as a detection core. 

[0045] Drawing 1 1 is reference mark FMl formed on the orientation plate FP. It is an enlarged drawing, 
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and while arranging two or more Rhine patterns prolonged in the direction of Y at constant pitch in the 
direction of X, it is formed as a two-dimensional pattern which arranged two or more Rhine patterns 
prolonged in the direction of X at constant pitch in the direction of Y. This reference mark FMl In 
location detection of the direction of X, the picture signal from CCD camera 4X is analyzed in a wave 
processing circuit, the mean position of each detection location (pixel location) of two or more Rhine 
patterns located in a line in the direction of X is made into the direction location of X of reference mark 
FM 1 , and they are the index mark TMXl and TMX2. What is necessary is just to calculate the amount 
of gaps with a center position. Reference mark FMl about the direction of Y It is similarly carried out by 
CCD camera 4Y about detection and detection of the amount of location gaps. 
[0046] By the way, as drawing 5 explained previously, arrangement of the various marks on the 
orientation plate FP detected by the TTR alignment system and the TTL alignment system is further 
explained with reference to drawing 12 about this, although set to fixed physical relationship. Drawing 
12 is the enlarged drawing of each mark located on the straight line LX, and Mark LIMy is the 
diffraction grating which arranged the grid element at constant pitch (for example, 8 micrometers) in the 
direction of Y, and is the two-dimensional grid pattern which Mark LSMy arranged the dot pattern of a 
minute square in the pitch PSx in the direction of X as expanded and shown in circular, and was 
arranged in the pitch PSy in the direction of Y. It is detected by the beam spot of the TTL alignment 
system of the LSA method for the directions of Y, the beam spot is prolonged in the shape of a slit in the 
direction of X, and Mark LSMy of the beam width of the direction of Y is almost equal to the dimension 
of the direction of Y of a dot pattern. In addition, the pitch PSx of the direction of X contributes to 
diffracted-light generating at the time of mark detection, and the pitch PSy of the direction of Y is for 
arranging and forming two or more grid marks into a multi-mark in the direction of Y. Therefore, when 
there is no need of forming a multi-mark, there should be only a dot pattern group of an example located 
in a line on a straight line LX. 

[0047] Moreover, although the pitch PSx of the direction of X is uniquely decided by the wavelength of 
the beam spot, and the angle of diffraction of the primary diffracted light needed, the pitch PSy of the 
direction of Y is equal to PSx, or should be just larger than it. Now, as drawing 5 explained, it is the 
spacing Kl of the central point of the direction of X of Mark LIMy, and the central point of the direction 
of X of reference mark FM2A. Spacing K2 of the central point of the direction of X of the luminescence 
mark IFS, and the central point of the direction of X of Mark LSMy It has the relation of Kl 
=K2**deltaXk. the core of the mark detection field (exposure field of an interference fringe) of the TTL 
alignment system of a LIA method [ in / in this condition / this example ], and the mark detection central 
point (beam spot) of the TTL alignment system of a LSA method ~ about ~ one, since I am doing, it is 
needed, and it is not necessarily limited to the above-mentioned conditions. 

[0048] The TTL alignment system explained by the above drawing 8 is constituted completely similarly 
by the object for the directions of X, and the positional information of the direction of X of each mark is 
sent to the main control system 1 1 4. Next, although the base-line measurement by the equipment 
(stepper) of this example and actuation of various alignment are explained, the amendment to the 
installation error to the wafer stage WST of an orientation plate FP is described before that. It is the 
residual rotational error within the system of coordinates XY of an orientation plate FP which influences 
a final precision among the installation errors of an orientation plate FP. 

[0049] In case this kind of orientation plate is conventionally attached on a wafer stage, fixing through 
the hardware which can be finely tuned with a set screw etc. is also proposed (for example, JP,55- 
1 3583 1 , A). However, considering fluctuation with time, probably, the fixed approach of the orientation 
plate through a fine-tuning device will be very disadvantageous in respect of precision stabilization. 
Therefore, as for an orientation plate FP, it is desirable to fix so that even jogging (ran order) may be 
impossible on a wafer stage. 

[0050] Even if it made it which fixed approach, in this example, the residual rotation error amount of an 
orientation plate FP was calculated beforehand. The parallelism of the straight line LX set up on the 
orientation plate FP shown in drawing 4 and the reflector of the migration mirror IMy shown in drawing 
3 is meant as the residual rotational error said here. Since all coordinate location managements of the 
wafer stage WST are based on interferometers IFX and IFYl (or IFY2), they can be said to be that each 
reflector of the migration mirrors IMx and IMy has been the criteria of coordinate location measurement. 
Therefore, the parallelism of the reflector of the migration mirror IMy and the straight line LX on an 
orientation plate FP becomes a problem. Moreover, since it can respond by positioning of the wafer 
stage WST as an installation error about an parallel gap in each direction of the direction of Y which 
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intersects perpendicularly with the reflector of the migration mirror IMy, and the direction of X which 
intersects perpendicularly with the reflector of the migration mirror IMx, it hardly becomes a problem. 
[0051] Now, the residual rotational error of an orientation plate FP may be searched for by self- 
measurement by the stepper who illustrated, and may be searched for by the proof print using a wafer. 
Here, the approach by self-measurement is explained as an example. It has the direction of mark 
detection of the direction of Y among each alignment sensor of the stepper who illustrated, and they are 
two interferometers IFYl and IFY2. Since it is only the wafer alignment system OWA of an off-axis 
method, at this example, it is the interferometer IFYl which satisfies ABBE conditions about either. It 
shall consider as criteria and the mark detection function of the direction of Y of the alignment system 
OWA shall be used. The coordinate location of each direction of Y of two reference mark FM2A and 
FM2D on an orientation plate FP is first measured by the off-axis alignment system OWA. Therefore, 
the index mark TMYl which the bar mark prolonged in the direction of X of reference mark FM2D was 
located in the visual field of objective lens 4B of the off-axis alignment system OWA, and showed it to 
drawing 9 as shown in drawing 13 (A) and TMY2 The amount of location gaps of the direction of Y is 
calculated in between. They are the index mark TMYl and TMY2 in that case. It may be made to carry 
out alignment of the bar mark prolonged in the direction of X of reference mark FM2D only to either. In 
addition, in drawing 13 , only thetaf shall rotate, and the migration mirror IMy and the straight line LX 
on an orientation plate FP are expressed exaggeratingly. 

[0052] make it any - the index mark TMYl and TMY2 deltaYFd is detected for the amount of gaps of 
the direction of Y of reference mark FM2D set criteria based on the picture signal from CCD camera4Y 
of drawing 10 . The amount of location gaps is obtained as information SSE inputted into the main 
control system 1 14 of drawing 7 . The interferometer IFYl when having detected reference mark FM2D 
by objective lens 43 to coincidence, and IFY2 Measurement values YAl and YA2 are memorized by 
the main control system 114. 

[0053] Next, they are the index mark TMYl of the off-axis alignment system OWA, and TMY2 about 
the bar mark which only the constant rate Lfp made move in the direction of X on the wafer stage WST, 
and was prolonged in the direction of X of reference mark FM2A. It receives and positions. The 
situation at this time is shown in drawing 13 (B). The constant rate Lfp in that case is equally determined 
as design spacing of the direction of X of reference mark FM2A and FM2D. 

[0054] and ~ the same ~ amount of gaps delta YFa of the direction of Y of reference mark FM2A, and 
an interferometer IFYl and IFY2 Each measurement value YBl and YB2 It asks. A measurement 
activity is completed by the above actuation and the rest asks for residual rotational error thetaf by the 
operation. First, when only a constant rate Lfp moves the wafer stage WST in the direction of X and it 
carries out [ yawing did not occur and ] a thing, it is rotational error thetaf. It asks by the degree type in 
approximation. 
[0055] 

thetaf =(YA1 -deltaYFd)- (YBl-deltaYFa)/Lfp =(YA1-YB1)+ (delta YFa-delta YFd)/Lfp ~ (1) 
However, when yawing has occurred, a part for the minute rotational error deltathetay of the wafer stage 
WST by the yawing will be contained in the formula (1). Therefore, true residual rotational error thetaf 
becomes like a degree type. 
[0056] 

thetaf=thetaf - deltathetay ~ (2) 

Rotational error deltathetay by yawing deltathetay**(YAl-YA2)/LB- (YB1-YB2)/LB ~ (3) 

It comes out and asks. LB is two interferometers IFYl and IFY2 here. It is spacing of the direction of X 

of each length measurement shaft. 

[0057] Then, when same measurement shall be performed using reference mark FM2C instead of 
reference mark FM2D, design spacing of the direction of X of reference mark FM2A and FM2C is an 
interferometer IFYl and IFY2. It becomes equal to the spacing LB of the direction of X, therefore 
migration of the constant rate Lfp of the wafer stage WST also serves as Lfp=LB. For this reason, a 
formula (3) is as follows when using reference mark FM2A and FM2C (or FM2B and FM2D). 
[0058] 

deltathetay* ♦(YAl -YBl)-!- (YB2-YA2)/L^ ~ (4) 

Therefore, a formula (1), (2), and (4) to residual rotational error thetaf theta f**theta f-deltathetay=(delta 
YFa-delta YFd)- (YB2-YA2)/Lfp ~ (5) 
It asks by carrying out. 

[0059] That is, spacing of the direction of X of two reference marks used for measurement is two 
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interferometers IFYl and IFY2. It is the interferometer IFYl considered as criteria when equal to 
spacing of the direction of X. It is necessary to act as the monitor of the measurement value (YAl and 
YBl). Since residual rotational error thetaf [ as opposed to the migration mirror IMy of an orientation 
plate FP as mentioned above ] is called for, this vaJue is memorized in the main control system 1 14. In 
addition, since the reference mark in alignment with the straight line LX on an orientation plate FP is in 
four places, it searches for a residual rotational error using two reference marks of arbitration, and you 
may make it take the average. For example, rotational error thetafl acquired by reference mark FM2A 
and FM2C Rotational error thetafZ acquired by reference mark FM2B and FM2D The addition average 
(thetafl +theta£2) / 2 are made into the residual rotational error of an orientation plate FP. Furthermore, 
on a straight line LX, it is Marks LIMy and LSMy, and IFS and FMl . Since it is prepared, any two may 
be detected by the off-axis alignment system OWA among these, and mark location measurement of the 
direction of Y may be performed, make it any ~ the larger one as much as possible for precision 
reservation of the distance of the direction of X of two marks which should be measured is desirable. 
[0060] Moreover, the measuring method of the residual rotational error by the self-measurement 
explained above is an example, and other approaches by self-measurement are considered. That is 
explained in a next operating sequence. Although the above measuring method furthermore asks for 
thetaf, since thetaf is detected as offset at the time of the wafer alignment by the off-axis alignment 
system OWA, the method of asking for thetaf is also considered by investigating the vernier after 
exposure. That is, it can ask for residual installation error thetaf by performing superposition exposure to 
a test wafer using the off-axis alignment system OWA, and reading the vernier which checks 
superposition precision among the resist patterns after development in X and the direction of Y. 
[0061] Next, although actuation of the base-line measurement by the equipment of this example is 
explained, the actuation explained here is typicd and is collectively described about some deformation 
actuation later. Drawing 14 and 15 are the flow chart Figs, explaining a typical sequence, and 
generalization control of the sequence is mainly carried out by the main control system 114. 
[0062] First, the reticle R contained at the predetermined storage case is conveyed to automatic or hand 
control, and loading is carried out on a reticle stage RST only depending on mechanical positioning 
accuracy and delivery precision (step 500). In this case, the loading precision of Reticle R makes 
magnitude of the window region for a reticle mark (inside of the protection- from-light band SB) shown 
in drawing 6 5mm angle extent, and is double slit mark RMl x and RM2 y. Supposing it sets die length 
to about 4nun, **2nun or less is desirable. 

[0063] Next, the main control systems 1 14 are the marks [ RM / RM and / 2 ] 1 of Reticle R. The reticle 
search for carrying out alignment of the location of Reticle R rough preparatorily is performed so that it 
may be normally detected by the TTL alignment systems 1 A and IB. As shown in steps 504 and 506 of 
drawing 14 , there are two, an SRA method and an IFS method, in this reticle search, and it is chosen 
which mode to make it at step 502. With PURIARAIMENTO by the IFS method of step 504 As shown 
in drawing 6 , the location of a reticle stage RST has been fixed. The luminescence marks IFS are the 
reticle marks [ RM / RM and / 2 ] 1 . The wafer stage WST by big stroke (for example, several mm) so 
that the location which is likely to exist may be searched X, Search migration is made to carry out in the 
direction of Y, and they are the reticle marks [ RM / RM and / 2 ] 1 . A location Interferometer IFX, 
IFY2 It is based, and detects rou^, the amount of gaps from the location on the design of the detection 
location is calculated, and they are the interferometers IRX and IRY for reticle stages RST, and the 
method which makes reliance move a reticle stage RST slightly for IRtheta. 

[0064] On the other hand, PURIARAIMENTO by the SRA method of step 506 is performed as follows. 
Reticle marks [ RM / RM and / 2 ] 1 The field of the solid color of an orientation plate FP is arranged 
directly under the location which is likely to exist, in the condition, using the TTR alignment systems 1 A 
and IB, the pattern on Reticle R is picturized and the picture signal wave according to the horizontal 
scanning line in 1 screen is incorporated in memory with CCD cameras 1 12X and 1 12Y ( drawing 7 ). 
Next, since only a constant rate moves a reticle stage RST in the direction of X, or the direction of Y by 
the drive system 115 based on the measurement value of Interferometers IRX and IRY and IRtheta, the 
picture signal wave of 2 screen eye is incorporated from a CCD camera, and it connects with the signal 
wave form of 1 screen eye. Then, after analyzing the connected picture signal wave, they are the reticle 
marks [ RM / RM and / 2 ] 1 . After asking for each location and calculating the amount of gaps from the 
location on a design, it is Uie method to which the location of a reticle stage RST is moved. 
[0065] Even if it is which search mode, they are the marks RMl and RM2 of Reticle R. 
PURIARAIMENTO [ each core / the core in the image pick-up field of CCD cameras 1 12X and 1 12Y in 
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which it was prepared by each of two TTR alignment systems 1 A and 1 B / it is about several 
micrometers in precision, and ]. Next, before that, although the main control system 1 14 starts reticle 
alignment actuation from step 508, it controls a drive system 116 according to the measurement value of 
interferometers IFX and IFY2 (or IFYl), and positions the wafer stage WST so that each, two 2Bs, 
reference mark FM2A and FM2B, may come to the location on the design within the visual field PIF of 
the projection lens PL. Positioning of the wafer stage WST picturizes reference mark FM2A and 
(FM2B) with CCD cameras 11 2X and 1 12Y, where it has consistency in general with the reticle mark 
RM 1 (RM2). Reticle mark RM 1 of as opposed to [ operate the processing circuits 1 13X and 113Y in 
drawing 7 in this phase, and ] reference mark FM2A The amount of location gaps of X and the direction 
of Y (deltaXRl, deltaYRl), and reticle mark RM 2 to reference mark FM2B The amount of location 
gaps of X and the direction of Y (deltaXR2 and deltaYR2) is measured. 

[0066] Next, when each amount of location gaps judges whether it is less than an allowed value and has 
separated rather than the allowed value at step 510, it progresses to step 512. At this time, they are two 
reticle marks [ RM / RM and / 2 ] 1 . So that clearly from a configuration and arrangement the alignment 
of the direction of X of Reticle R They are each reticle marks [ RM / RM and / 2 ] 1 to each central point 
of reference mark FM2A and FM2B. If the time of having shifted the time of each of the central point 
having shifted towards the reticle core CC to forward and hard flow is made negative Amount of gaps 
deltaXRl of the direction of X deltaXR2 It is attained by making a polarity and an absolute value equal. 
[0067] Similarly, the alignment of the direction of Y of Reticle R and the direction of theta is each 
reticle marks [ RM / RM and / 2 ] 1 . When the time of the central point shifting in the forward direction 
of the Y-axis of rest frame is made forward, it is araoimt of gaps deltaYRl of the direction of Y. 
deltaYR2 It is attained by making a polarity and an absolute value equal. The amotmt deltathetaR of 
gaps of the direction (hand of cut) of theta of Reticle R is the reticle marks [ RM / RM and / 2 ] 1 . If 
spacing of the direction of X is set to Lrm, it will ask by the degree type from amount of gaps deltaYRl 
of the direction of Y, and deltaYR2 (absolute size on a reticle). 
[0068] 

DeltathetaR=sin -1 (/Lrm) (deltaYRl -deltaYR2) 
** (deltaYRl -deltaYR2)/Lrm -- (6) 

However, for spacing Lrm, since it is fixed about every reticle, evaluation of the amount of gaps of the 
reticle R of the direction of theta is deltaYRl -deltaYR2 simply. What is necessary is just to ask for the 
size of an absolute value. When the amount of gaps of the reticle R of X, Y, and the direction of theta is 
larger than an allowed value, a reticle stage RST is made to move slightly at step 512 from the above 
thing. Since it is computed based on each amount of gaps (deltaXRl and deltaYRl), and (deltaXR2 and 
deltaYR2) whether which should just make a reticle stage RST move slightly about the direction of X, 
the direction of Y, and the direction of theta at this time, it makes it move slightly to the location which 
should be amended while acting as the monitor of the location of a reticle stage RST by three 
interferometers IRX and IRY and IRtheta. This drive method is called the so-called opening control 
system, and if the control precision of a drive system 115 and the positioning accuracy of a reticle stage 
RST were fully high, wrote and are stable, it can carry out alignment of the reticle R to a target position 
correctly only by one location gap measurement (step 508) and one location amendment (step 512). 
However, since it is necessary to check whether alignment has been correctly carried out to the target 
position by location amendment, the main control system 114 repeats the actuation from step 508 again. 
[0069] It means that aligiunent of the reticle R had been carried out by the above steps 508-510 to the 
coordinate location on the design of two reference mark FM2A on an orientation plate FP, and FM2B. 
Now, although alignment of the reticle R is carried out to reference mark FM2A and FM2B in this way, 
since the orientation plate FP has fixed residual rotational error thetaf to the reflector of a migration 
mirror as drawing 13 explained previously, the reticle R after alignment will rotate only thetaf to the 
reflector of a migration mirror strictly. 

[0070] Then, in case a reticle stage RST is made to move slightly at step 512, it is the reticle mark RM 1 . 
The alignment location to reference mark FM2A has offset [ fiirther / (deltaOx 1 and deltaOy 1) ], and it 
is the reticle mark RM 2. It sets up so that the alignment location to reference mark FM2B may have 
offset [ further / (deltaOx 2 and deltaOy 2) ]. here ~ offset deltaOx 1 of the direction of X, and deltaOx 2 
both ~ zero ~ good ~ offset deltaOy 1 of the direction of Y, and deltaOy 2 It is determined that it is the 
following. 

[0071] deltaOy 1 = Lrm-theta f / 2deltaOy 2 = - When carrying out alignment of Lrm-thetaf/2, therefore 
the reticle R on the basis of an orientation plate FP, the last conditions in consideration of the installation 
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error (thetaf) of an orientation plate FP are tilings making the amount of location gaps when detecting 
each mark by the TTR alignment system be the following. 

[0072] direction of X: ~ direction [ of deltaXRl =deltaXR2 ->0Y ]: -- deltaYRl ->deltaORy 1 and 
delta YR2 ->deltaORy 2 A setup in the last alignment location where these offset got The interferometers 
IRX and IRY for reticles and the opening control system using IRtheta may be used, and the amount of 
location gaps calculated from each processing circuits 1 13X and 113Y of a TTR alignment system — a 
deflection signal - carrying out ~ the above ~ a reticle stage RST may be driven by closed loop control 
by making the final amount of location gaps into desired value. 

[0073] By the way, they are the reticle marks [ RM / RM and / 2 ] 1 in addition to the approach 
explained to be the case where it asks for residual rotational error thetaf of an orientation plate FP by 
previous drawing 13 . There is an approach using a TTR alignment system. The approach is the reticle 
marks [ RM / RM and / 2 ] 1 with a TTR method before step 508 in the flow chart of drawing 14 . It can 
perform by adding reference mark FM2C and the step which carries out alignment of the FM2D. 
[0074] That is, since R is set up in the precision of a less than **several micrometers reticle when 
PURIARAIMENTO of Reticle R is completed by step 504 or 506, they are the reticle marks [ RM / RM 
and / 2 ] 1 . It considers as a temporary reference point and the coordinate location of reference mark 
FM2C and FM2D is measured. Under the present circumstances, reticle marks [ RM / RM and / 2 ] 1 
Since it is mostly located in the symmetry about the direction of X from the optical axis AX of the 
projection lens PL, Reticle mark RM 1 detected by TTR alignment system 1 A Amount of location gaps 
deltaY2C of the direction of Y with reference mark FM2C, Reticle mark RM 2 detected by TTL 
alignment system IB An Abbe error is strictly contained in each with amount of location gaps deltaY2D 
of the direction of Y with reference mark FM2D. However, when addition average- value deltaYRC 
[(deltaY2 C+delta Y2D) /2] showing the amount of gaps of the direction of Y of the central point of 
Reticle R and the central point of reference mark FMl is calculated, a part for an Abbe error will be 
offset by averaging. Therefore, interferometer IFY2 when shifting by the TTR alignment systems lA 
and IB and having detected amount deltaY2C and deltaY2D Measurement value Yftnl If it memorizes 
and the value of YFl =Yftnl -deltaYRC is calculated, the Y coordinate value YFl of the central point 
(middle point of the direction of X of reference mark FM2C and FM2D) of reference mark FMl on the 
basis of the central point of Reticle R will be acquired. 

[0075] What is necessary is just to calculate amount of gaps deltaXRC [(deltaX2 C-delta X2D) /2] of the 
direction of X of the central point of Reticle R, and the central point of reference mark FMl in 
consideration of the directivity (positiv^negative) of the gap about the direction of X based on amount 
of gaps detected by TTR alignment system IB with amount deltaX2C by shifting deltaX2D detected by 
TTR alignment system 1 A. under the present circumstances, the X coordinate location of the wafer stage 
WST ~ Interferometer IFX ~ Yfinl ~X coordinate value XFl of the central point of reference 

mark FMl on the basis of the central point of Reticle R by detecting and computing XFl =Yfinl - 
deltaXRC It is obtained. 

[0076] The coordinate value (XFl and XF2) calculated as mentioned above is a value including the 
distance from each reflector of an interferometer IFX2 and the migration mirrors IMy and IMx on the 
basis of IFX to the central point of reference mark FMl. Next, the wafer stage WST is moved and step 
508 of drawing 14 is performed. As explained previously, at step 508, they are the reticle marks [ RM / 
RM and / 2 ] 1 by the TTR alignment systems 1 A and IB first. Each amount of location gaps witii 
reference mark FM2A and FM2B is calculated. Reticle mark RM 1 The amounts of location gaps of 
receiving reference mark FM2A are (deltaXRl and deltaYRl), and it is the reticle mark RM 2. The 
amounts of location gaps of receiving reference mark FM2B are (deltaXR2 and delta YR2). under the 
present circumstances, the coordinate value (Xfin2 and Yfm2) of the wafer stage WST although it was 
urmecessary, when the TTR alignment system has detected reference mark FM2A and FM2B at step 508 
in drawing 14 ~ interferometers IFX and IFY2 from ~ it memorizes. 

[0077] From the above measurement result, the main control system 1 14 calculates the coordinate value 
(XF2 and YF2) of the central point (middle point of the direction of X of mark FM2A and FM2B) of 
reference mark FM2 on the basis of the central point of Reticle R as follows. 

XF2 =Xfrn2-(deltaXRl-deltaXR2)/2YF2 =Yfm2- (deltaYRl -deltaYR2)/2 ~ this coordinate value (XF2 
and YF2) is a value including the distance from each reflector of an interferometer IFY2 and the 
migration mirrors IMy and IMx on the basis of IFX to the central point of reference mark FM2. 
[0078] Therefore, installation error thetaf of the orientation plate FP containing the amount deltathetay 
of yawing when moving the wafer stage WST to the detection location of reference mark FM2A and 
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FM2B from the detection location of reference mark FM2C and FM2D It is computed by the degree 
type. 

thetaf ♦ * YF 1 -YF2/XF 1 -XF2 -- (7) 

In this case, IFYl of two interferometers Measured value and interferometer IFY2 Since the variation of 
a difference with a measurement value is equivalent to the amount deltathetay of yawing, true 
installation error thetaf can be found by amending like a previous formula (2). 
[0079] While the above operation is performed, the main control system 1 1 4 performs the following 
steps 510 and 512, That is, the amount of location gaps (deltaXRl and deltaYRl), and (deltaXR2 and 
deltaYR2) which asking for installation error thetaf of an orientation plate FP in the sequence of drawing 
14 as stated above measured first at step 508 are needed. Next, the main control system 1 14 performs 
actuation from step 516 shown in drawing 1 5 . Step 516 chooses whether the servo lock of the location 
of an orientation plate FP is carried out by the LIA method of whether a servo lock is carried out based 
on the measurement value by the interferometers IFX and IFY2 (or IFYl) for the wafer stages WST, and 
a TTL alignment system. When the servo lock using an interferometer is chosen, it progresses to step 
518 and the coordinate value of the wafer stage WST in the time of reticle alignment being attained is 
memorized, and the measurement value of interferometers IFX and IFY2 (or IFYl) carries out servo 
control of the drive system 1 16 of the wafer stage WST so that it may always be in agreement with the 
storage value. When the servo lock of a LIA method is chosen, it progresses to step 520, the shutters 
132 A and 132B shown in drawing 8 are set as the condition in drawing, and an interference fringe is 
irradiated on each of the marks LIMx and LIMy on an orientation plate FP. And by the phase contrast 
measuring circuit 140, about each of flie direction of X, and the direction of Y, servo control of the wafer 
stage WST is carried out so that phase contrast with a reference signal may always become a 
predetermined value. In the case of a LIA method, alignment of the two marks LlMx and LIMy on an 
orientation plate FP will be carried out to the reference grid plate 138 fixed to the interior of a TTL 
alignment system. 

[0080] Although the servo lock of the wafer stage WST is possible in a precision almost equivalent also 
in the interferometer mode based on the measurement value of interferometers IFX and IFY2 (or IFYl), 
or the LIA mode based on a TTL alignment system, according to an experiment or simulation, it is 
confirmed that the LIA mode is stable from interferometer mode. Generally, X of the wafer stage WST 
and the migration stroke of the direction of Y are larger than the diameter of a wafer, and 30cm or more 
is required as an example, for this reason, interferometers IFX and IFY2 from ~ the optical path length 
who exposes into atmospheric air among laser beams - more than number +cm — and if local refractive- 
index fluctuation arises to air in the meantime, although the wafer stage WST will stand **** still, the 
value of the covmter inside an interferometer is changed by the order which is 1/lOOmicrometer-l / 10 
micrometers. Therefore, when a servo lock is carried out so that the counted value of an interferometer 
may become fixed, the location of the wafer stage WST may move slightly within the limits of about 
**0.08 micrometers by fluctuation of a refractive index. The fluctuation of a refractive index is produced 
when the lump of air with a temperature gradient passes through the inside of the optical path of the 
laser beam from an interferometer slowly. There is a disadvantageous point on an environment in the 
interferometer for wafer stages in this way, and stability may be missing from a LIA method. Covering 
can be prepared, and since there are space of the reticle and projection lens by which exposure of a beam 
is not avoided fUrther, and space of a projection lens and a wafer only about several [ at most ] cm, the 
fluctuation of a refractive index cannot take place easily, so that the beam used by the LIA method may 
hardly.be exposed into atmospheric air. 

[008 1 ] It is more desirable to make it such as much as possible, when a TTR alignment system can 
perform the positional servo of an orientation plate FB (wafer stage WST) in the condition of having 
detected reference mark FM2A and FM2B, from the above thing using a TTL alignment system. Next, 
the main control system 114 performs criteria mark detection using a TTR alignment system and an off- 
axis alignment system to coincidence at step 522. When a reticle stage RST moves sli^tly to a target 
position at previous step 510 and alignment is generally attained, a reticle stage RST is fixed by the 
vacuum adsorption by die side of the column used as the base etc. A reticle stage RST may carry out a 
minute amount strike slip in the case of this adsorption. Although this strike slip is minute, a base-line 
management top is one of the error factors, and it is necessary to fully recognize it. The recognition is 
possible by acting as the monitor of performing measurement actuation of step 508 again or 
Interferometers IRX and IRY, and the variation from the reticle alignment achievement point in time of 
the measurement value of IRtheta using CCD cameras 1 12X and 1 12Y of a TTR alignment system etc. 
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However, in this example, since it was made to manage as an amount of base lines also including the 
strike slip, it is not necessary to calculate only the amount of strike slips according to an individual 
specially. 

[0082] Now, in the phase of step 522, reference mark FMl on an orientation plate FP is already located 
in the detection field of the off-axis alignment system OWA, Then, the main control system 1 14 
calculates the amount of location gaps of the target mark TM in target board 4F, reference marks FMl 
and X, and the direction of Y (delta XF, delta YF) as an absolute size on a wafer using CCD cameras 4X 
and 4Y of an off-axis alignment system shown in drawing 10 . CCD cameras 1 12X and 112Y of a TTR 
alignment system are used for coincidence, and it is the reticle mark RM 1. The amount of location gaps 
(deltaXRl and deltaYRl) and the reticle mark RM 2 with reference mark FM2A The amount of location 
gaps with reference mark FM2B (deltaXR2 and deltaYR2) is measured as an absolute size by the side of 
a wafer. Since the TTR method and off-axis method is also using both CCD cameras as the 
photoelectrical sensor at this time, the processing circuits 1 13X and 11 3Y etc. are controlled to make 
incorporation tie MIIGU to the memory of a picture signal wave corresponding to the picturized mark 
image in agreement as much as possible. However, since a CCD camera generally outputs the picture 
signal for one frame every [ 1/] 30 seconds, it does not need to synchronize strictly incorporation of the 
picture signal of a TTR method and an off-axis method per frame. That is, it will be [ that what is 
necessary is just to perform signal incorporation to coincidence in general ] enough if it is less than 
(preferably less than 1 second) several seconds as an example. In addition, when the servo lock of the 
location of an orientation plate FP is being carried out with the interferometer, it is necessary to make 
incorporation of the picture signal wave in a TTR method, and incorporation of the picture signal wave 
in an off-axis method into spacing shorter enough than the time amount of fluctuation of the wafer stage 
location by fluctuation of the refractive index of air. 

[0083] Next, the main control system 114 starts migration (scan) of the wafer stage WST, in order to 
cancel the servo lock of the wafer stage WST at step 524, to move to actuation of step 526 and to detect 
each mark on an orientation plate FP for a LSA method and an IFS method using coincidence. As 
drawing 6 and drawing 5 explained this step 526 previously, the luminescence slit mark IFS is the reticle 
mark RM 1 . The wafer stage WST is moved so that it may scan to two-dimensional, and the wafer stage 
WST is positioned so that the luminescence slit mark IFS may become the physical relationship shovm 
in drawing 6 first. The beam spot of the shape of a slit prolonged in the direction of X by the LSA 
method of a TTL alignment system at this time is shifted and located in the direction of Y to the mark 
LSMy on an orientation plate FP. When the wafer stage WST is scanned in the direction of Y from the 
condition, both the waves of the photoelectrical signal from the photodetector 139 of a LSA method and 
the photoelectrical signal SSD from the photoelectric element 121 of an IFS method come to be shown 
in drawing 16 . Since drawing 16 (A) is the detection wave of the mark LSMy incorporated on memory 
and used Mark LSMy as five diffraction-grating patterns with the LSA method here, five peaks have 
generated it on a signal wave form. The processing circuit 142 shown in drawing 8 asks for each five 
center-of-gravity locations of those of a peak wave, and computes the average with the Y coordinate 
location YLs of Mark LSMy. 

[0084] As the signal SSD acquired by the IFS method is shown in drawing 16 (B) on the other hand, it is 
the reticle mark RM 1 . Double slit mark RMl y It receives and two bottom wave parts are included. The 
processing circuit 142 asks for each two central point of a bottom wave in the signal wave form of 
drawing 16 (B), and is double slit mark RMl y about the middle point. It computes as a main coordinate 
location Ylf of the direction of Y of a projection image. 

[0085] Similarly the luminescence slit mark IFS is moved like the arrow head of the direction of X in 
drawing 6 , and it is the reticle mark RM 1. Double slit mark RMl x It scans. At this time, the slit-like 
spot by the LSA method of the TTL alignment system for the directions of X is scanned by the mark 
LSMx on an orientation plate FP at coincidence, and the same wave as drawing 16 is acquired. Under 
the present circumstances, the X coordinate value of the mark LSMx detected by the LSA method for 
the directions of X is double slit mark RMl x which are XLs and were detected by the LFS method. An 
X coordinate value is Xlf. 

[0086] As drawing 16 shows, a difference with the coordinate locations TLs and Xlf is the amount of 
base lines of the direction of Y of the detection central point of a TTL alignment system and the 
projecting point of the core CC of Reticle R by the LSA method for the directions of Y. Next, the main 
control system 1 14 performs the operation for calculating the amount of base lines at step 528. A 
parameter required for this operation is divided into the constant value beforehand defined on the actual 
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measurement measured as shown to drawing 1 7 in a table, and the design. In the actual measurement of 
front Naka of drawing 17 , "TTR-A" is TTR alignment system 1 A in drawing 2 , and "TTR-B" is TTR 
alignment system IB, Moreover, about the direction of X, and the direction of Y, the actual 
measurement by each alignment system divides the amount of location gaps, or a mark location, and is 
displayed. On the other hand, as a constant value on a design, each distance (delta Xfb, delta Yfb) of X 
of the central point of reference mark FMl and reference mark FM2A, X of each distance (delta Xfa, 
delta Yfa) of the direction of Y, the central point of reference mark FMl, and reference mark FM2B, and 
the direction of Y is beforehand measured and memorized by the precision on the basis of the straight 
line LX. 

[0087] The main control system 1 14 computes the direction distance LF of X of 2 grade equinoctial 
point of the segment which connects each central point of reference mark FM2A and FM2B, and the 
central point of reference mark FMl based on the constant values delta Xfa and delta Xfa. 
LF= (Xfa [ delta ], delta Xfb)/2 - (8) 

Next, the main control system 1 14 is amount of gaps deltaXRl of the direction of X searched for by 
TTR-A. Amount of gaps deltaXR2 of the direction of X searched for by TTR-B One half of difference 
deltaXcc(s) is calculated as a dimension by the side of a wafer, 
[0088] 

deltaXcc= (deltaXRl -deltaXR2)/2 ~ (9) 

They are deltaXRl and deltaXR2 here. Reticle marks [ RM / RM and / 2 ] 1 When having shifted in the 
direction of a reticle core to each of reference mark FM2A and FM2B, having shifted to forward and 
hard flow shall take a negative value. When value deltaXcc which was able to be found by this formula 
(2) is zero, the projecting point of the core CC of Reticle R will have agreed at the precision on 2 grade 
equinoctial point of the direction of X of each central point, two 2Bs, reference mark FM2A and FM2B. 
[0089] The main control system 1 14 is based on actual measurement deltaXF and calculated value LF 
and delta Xcc. Next, the projecting point to XY coordinate plane of the core CC of Reticle R, The 
distance BLOx of the direction of X with the projecting point to XY coordinate plane of the central point 
(2 grade equinoctial point between the index marks TMXl and TMX2) of the direction of X of index 
plate 4F of the off-axis alignment system OWA It computes as an amount of direction base lines of X 
about the off-axis alignment system OWA. 
BLOx=LF-delta Xcc-delta XF - (10) 

deltaXF is the index mark TMXl and TMX2 here. When reference mark FMl shifts in the direction of 
the projection lens PL (reference mark FM2A, FM2B) and is detected to 2 grade equinoctial point of the 
direction of X, a forward value is taken, and a negative value shall be taken, when it shifts to hard flow 
and is detected. 

[0090] Next, the main control system 1 14 is actual measurement delta YRl . Based on deltaYR2, amount 
of gaps delta Ycc of the direction of Y with 2 grade equinoctial point (it is a straight line LY2 mostly it is 
upwards) of the segment which connects the projecting point of the central point CC of Reticle R, and 
the central point of reference mark FM2A and the central point of FM2B is calculated. 
deltaYcc= (deltaYRl-deltaYR2)/2 - (1 1) 

Here, they are deltaYRl and deltaYR2. Reticle marks [ RM / RM and / 2 ] 1 A negative value shall be 
taken, when having shifted in the forward direction (it is the upper part within the space of drawing 4 ) 
of Y on drawing 4 and having shifted to forward and hard flow to reference mark FM2A to which each 
corresponds, and FM2B. This amount Ycc of gaps becomes zero when two division into equal parts of a 
segment which connects the projecting point of the core CC of Reticle R and each central point of 
reference mark FM2A and FM2B is in agreement with a precision. 

[0091] Furthermore, the main control system 1 14 is amount of gaps deltaYf 2 of the direction of Y of the 
2 grade equinoctial point of a segment and the central point of reference mark FMl to which each 
central point of reference mark FM2A and FM2B is connected based on the constant values delta Yfa 
and delta Yfb. It asks. 
deltaYfZ = (delta Yfa-delta Yfb)/2 - (12) 

The above calculated value delta Ycc and delta Yf2 Based on actual measurement deltaYF, the main 
control system 114 computes the distance BLOy of the direction of Y of the projecting point of the core 
CC of Reticle R, and the projecting point of the central point (2 grade equinoctial point between the 
index marks TMXl and TMX2) of ttie direction of Y of index plate 4F of the off-axis alignment system 
OWA as an amo\int of direction base lines of Y of the off-axis alignment system OWA. 
[0092] 
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BLOy=delta Ycc-delta Yf 2-deltaYF - (13) 

By the above operation, the amount of base lines of the off-axis alignment system OWA (BLOx, BLOy) 
can be found, and then as for the main control system 1 14, the amount of base lines of the TTL 
alignment system of a LSA method (BLTx, BLTy) is calculated. The amount BLTy of base lines of the 
LSA method TTL alignment system for the directions of Y is the amount of gaps of the direction of Y of 
the central point of the direction of Y of the sUt-like beam spot, the central point of Reticle R, and the 
projecting point of the core CC of Reticle R, and is calculated by the degree type. 
[0093] 

BLTy=YIf-YLs --(14) 

Similarly, the amount BLTx of base lines of the LSA method TTL alignment system for the directions of 
X is the amount of gaps of the direction of X of the central point of the direction of X of the slit-like 
beam spot, and the projecting point of the core CC of Reticle R, and it asks by the degree type. 
BLTx=YIf-YLs ~(15) 

however, to the value calculated by the formula (14) and (15) Since the core of the luminescence mark 
IFS, arrangement error delta Ysm of the direction of Y with the mark LSMy on an orientation plate FP, 
and arrangement error deltaXsm of the direction of X of the luminescence mark IFS and Mark LSMx are 
contained. What is necessary is to memorize as a constant value beforehand and just to change a formula 
(14) and (15) like a formula (14') and (1 5'), respectively, when these errors cannot be disregarded. 
[0094] 

BLTy=YIf-YLs-deltaYsm - (14') 
BLTx=XIf-XLs-deltaXsm - (15') 

By the above sequence, base-line measurement is completed and the wafer [ PURIARAIMENTO / 
wafer ] W is laid on the wafer stage WST. The shot field where two or more ♦♦♦♦♦*-ed, i.e., pattem 
space PA of Reticle R, are projected on Wafer W is arranged two-dimensional. And the alignment marie 
detected by the off-axis alignment system OWA or the TTL alignment system (2X, 3X;2Y, 3 Y) is 
formed in each shot field by fixed relation to the central point of a shot field. In many cases, the 
alignment mark on these wafers is prepared in a street line. Since many methods or a sequence is 
conventionally known by the approach of actual wafer alignment, explanation of these methods and a 
sequence is omitted to it, and explains only fiindamental wafer alignment to it here. 
[0095] Drawing 18 shows the shot field on Wafer W, and arrangement of a mark, and the width of face 
between the directions of Y of deltaXwm, Core SCn, and the Y mark WMy for the directions of Y in 
spacing of the direction of X of the core SCn of the shot field SAn and the mark WMx for the directions 
of X is defined on the design as deltaYwm. First, when using the off-axis alignment system OWA, the 
mark WMx of the shot field SAn of arbitration is the index mark TMXl and TMX2 in the detection field 
of the off-axis alignment system OWA. The wafer stage WST is positioned so that it may be inserted. 
Marks WMx and WMy shall be multi-line patterns like reference mark FMl here. 
[0096] And the main control system 1 14 reads the coordinate location Xm of the direction of X of the 
positioned wafer stage WST fi-om Interferometer IFX. Furthermore the picture signal fi-om CCD camera 
4X in the off-axis alignment system OWA is processed, and amount of gaps deltaXp of the direction of 
X of the central point of index plate 4F and the central point of Mark WMx is detected. Next, the wafer 
stage WST is moved and they are the index mark TMXl of an off-axis alignment system, and TMX2. 
The wafer stage WST is positioned so that the mark WMy of a wafer may be inserted, the coordinate 
location Ym of the direction of Y at this time — interferometer IF 1 fi-om ~ it reads. And by the image 
pick-up of CCD camera 4Y, amoimt of gaps deltaYp of the direction of Y of the central point of index 
plate 4F and the central point of Marie WMy is calculated. 

[0097] If the above mark location detection finishes, the coordinate location (Xe, Ye) of the wafer stage 
WST for making the core SCn of the shot field SAn agree at the projecting point of the core CC of 
Reticle R at the time of exposure will be called for by the back only by count of a degree type. 
Xe=Xm-deltaXp+ (BLOx-delta Xwm) - (16) 
Ye=Ym-deltaYp+ (BLOy-delta Ywm) - (17) 

In addition, when detecting Marks WMx and WMy by the TTL alignment system of a LSA method, the 
stage coordinate location at the time of exposure can be found in a degree type considering each 
detection location of the marks WMx and WMy by the LSA method as Xm and Ym. 
[0098] 

Xe=Xm+BLTx-delta Xwm ~ (18) 
Ye=Ym+BLTy-delta Ywm ~ (19) 
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By the above explanation, they are interferometers IPX and IFYl also in the detection central point 
within the rest frame of the off-axis alignment system OWA. They are two interferometers IPX and 
IFYl to the two-dimensional mark location detection using the off-axis alignment system OWA since it 
had determined that both measured value intersected perpendicularly. An Abbe error will be contained 
in the amounts delta Xp and delta Yp of gaps of the coordinate of the wafer stage WST at the time of 
mark detection, locations Xm and Ym, and a mark location if a measurement value is used. 
[0099] Therefore, interferometer IFY2 which fulfills ABBE conditions to the projection lens PL when 
detecting a wafer mark and a reference mark using the off-axis alignment system OWA Not but, 
interferometer IFYl which fulfills ABBE conditions to the alignment system OWA Using is important. 
However, interferometers IPX and IPY2 which fulfill ABBE conditions to the projection lens PL 
Interferometers IFX and IFYl which fulfill ABBE conditions to the off-axis alignment system OWA 
Two interferometers IFXl for the directions of Y and IFY2 in order to use changing as it is It is 
necessary to reset each internal counter under a specific condition (or presetting). It is the halt location of 
the wafer stage WST at the time of detecting reference mark FMl to detecting reference mark FM2 
through the projection lens PL, and coincidence through the off-axis alignment system OWA, and 
performing base-line measurement to them, if it says from a conclusion, and they are two 
interferometers IFYl and IFY2. The value of each internal counter is preset equally to one of values. 
Therefore, it sets to drawing 14 described previously and the sequence of 1 5, and they are two 
interferometers IFYl and IFY2. While presetting actuation is required, the amendment operation of the 
amount of base lines resulting from installation error thetaf of the orientation plate FP described 
previously is needed. Then, below, the example is explained. 

[0100] First, steps 508, 510, and 512 in drawing 14 perform reticle alignment, at this time, it explained 
previously in consideration of installation error thetaf of an orientation plate FP ~ as ~ reticle marks 
[ RM / RM and / 2 ] 1 the alignment location of the direction of X ~ deltaXRl ==deltaXR2 it is ~ and it 
is driven into zero — as ~ setting up — the alignment location of the direction of Y — delta YRl - 
>deltaOyl deltaYR2 ->deItaOy2 It sets up so that it may be driven in, respectively. Namely, two reticle 
marks [ RM / RM and / 2 ] 1 Alignment of the reticle R is carried out so that the line to connect may 
become the reflector of the migration mirror IMy, and parallel. 

[0101] Then, although it goes into measurement of a base-line error, a servo lock works so that the wafer 
stage WST may not move, after reticle alignment is attained. The interferometer IFY2 which will satisfy 
ABBE conditions at the time to a projection lens if it thinks in the state of a servo lock A measurement 
value Le and interferometer IFYl with which it is satisfied of ABBE conditions to an off-axis alignment 
system The error of Ly (deltathetaa+deltathetar) exists between measurement values Lf Ly is two 
interferometers IFYl and IFY2 here. It is spacing of the direction of X of each measurement shaft, and a 
rotational error deltathetaa is a minute rotational error from the ideal location (ideal X-axis) of the 
reflector of the migration mirror KMy produced in the location of the wafer stage WST at the time of 
base-Une measurement. Moreover, a rotational error deltathetar is a minute rotational error from the 
ideal location (X-axis) of the reflector of the migration mirror IMy produced when the wafer stage WST 
came to a predetermined home position. These errors deltathetaa and deltathetar are an interferometer 
IFYl and IFY2, when the wafer stage WST usually comes to a home position, although it was directly 
immeasurable independently. By resetting to coincidence (or presetting), an internal counter is 
measurable as a changed part from the reset location of the synthetic value of deltathetaa and deltathetar. 
That is, a changed part of deltathetaa+deltathetar can measure as an amount of yawing on the basis of a 
reset location. 

[0102] Therefore, interferometer IFY2 with which it is satisfied of ABBE conditions to a projection lens 
It is the interferometer IFYl of another side in a monitor or the condition of controlling, about the 
location of the wafer stage WST. It becomes that by which the error of Lf-Le=Ly 
(deltathetaa+deltathetar) was included in measured value Lf with the natural thing, and is an 
interferometer IFYl .Measured value Lf is not incorporable into the amount measurement of base lines 
as true value as it is. Or it is an interferometer IFYl as it is about control of the wafer stage WST. It is 
also immovable to the basis of the control to depend. 

[0103] Then, interferometer IFYl in the time of positioning an orientation plate FP and carrying out the 
servo lock of the wafer stage WST at the time of base-line measurement. Measured value Lf and 
interferometer IFY2 Interferometer IFYl after memorizing a difference with measured value Le as 
deltaLyw [Ly (deltathetaa+deltathetar)] An internal counter is changed into measured value Le from 
measured value Lf (presetting). Interferometer IFY2 which will be used for positioning of the wafer 
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stage WST in future control at the time of exposure if it does in this way Interferometer IFYl using the 
based control to the time of off-axis alignment Even if it changes to the based control, trouble is not 
produced at all. 

[0104] The situation at this time is exaggerated and shown in drawing 19 . In drawing 19 , only error 
thetaf is rotating the line LX which connects two reference mark FM2A and FM2Bs to the Une Lrc 
parallel to the reflector of the migration mirror IMy. if alignment of the reticle R is carried out ~ reticle 
mark RM 1 reference mark FM2A ~ receiving ~ deltaOyl only ~ offsetting ~ being located ~ reticle 
mark RM 2 reference mark FM2B — receiving ~ deltaOy 2 only — since it is offset and located ~ afler 
all - reticle marks [ RM / RM and / 2 ] 1 The segment to connect becomes Line Lrc and parallel. Since 
it determined that Line Lrc passed along the reticle core CC by drawing 19 , the reticle marks [ RM / 
RM and / 2 ] 1 and Core CC are located on Line Lrc. 

[0105] Now, although two interferometers IFYl and IFY2 were translations by which presetting is 
carried out to the same counted value Le, as it was shown in drawing 19 in this condition, they are two 
interferometers IFYl after presetting, and IFY2. Criteria are datum-line Lir*. It changes. When, as for 
Line Lir, the wafer stage WST comes to a home position in drawing 19 , they are an interferometer IFYl 
and IFY2. The criteria in the condition of having preset to the same value are shown, namely, an 
interferometer IFYl and IFY2 These imagination datum lines Lir or Lir' from ~ you may think that the 
distance to the migration mirror IMy is measured. Therefore, it sets immediately after presetting and is 
datum-line Lir', The reflector of the migration mirror IMy and each of Line Lrc become parallel 
mutually. Incidentally, they are two interferometers IFYl and IFY2 after presetting. When searching for 
yawing of the wafer stage WST fh)m the difference of a measurement value, it means that the criteria of 
the amoxmt of yawing were changed into line Lir' of drawing 19 . That is, a line parallel to the reflector 
of the migration mirror IMy when positioning an orientation plate FP directly under the projection lens 
PL and an off-axis alignment system at the time of base-line measurement serves as criteria of the 
amount measurement of yawing after it. 

[0106] Furthermore by base-line measurement, it is asked for the amount of location gaps of reference 
mark FMl and the index mark TM (delta XF, delta YF) to show drawing 1 7 by the off-axis alignment 
system. In drawing 19 , Of is the detection central point specified by the index mark TM of an off-axis 
alignment system. Although the here true amoimt of base lines is decided by physical relationship of the 
central point CC of Reticle R, and the detection central point Of Constant value deltaXfa (distance of 
FMl and FM2A) and constant value deltaXfb (distance of FMl and FM2B) which showed the amount 
of base lines of the direction of X to previous drawing 17 when installation error thetaf of an orientation 
plate FP considered as the very small thing. It is decided by amount of gaps deltaXF detected by the 
amount of gaps of the direction of X of the central point CC at the time of reticle alignment, and the off- 
axis alignment system. 

[0107] That is, if distance on the line LX to the middle point of the direction of X, two 2Bs, reference 
mark FM2A and FM2B, and the central point of reference mark FMl is set to LF, LF will be calculated 
by LF= (delta Xfa+delta Xfb) / 2 like a previous formula (8). moreover, amount of gaps deltaXcc [ as 
opposed to / remain at the time of reticle alignment and / the middle point of the reference mark LM2 of 
the central point CC ] of the direction of X ~ actual measurement deltaXRl in drawing 17 , and 
deltaXR2 from ~ it asks by deltaXcc= (deltaXRl -deltaXR2) / 2 like a previous formula (9). 
[0108] Therefore, the true amount BLOx of base lines of the direction of X can be found in BLOx=LF- 
delta Xcc-delta XF like a previous formula (10). On the other hand, about the amount BLOy of base 
lines of the direction of Y, since the sign error (the amount of gaps of the direction of Y) resulting from 
installation error thetaf arises, precision is not guaranteed with the formula (13) explained previously. 
[0109] With reference to drawing 19 , it thinks again here. They are two interferometers IFYl and IFY2 
first. If it is after presetting is carried out, it will be convenient even if it carries out position control of 
the wafer stage using which interferometer, for example, the condition which positioned the specifying 
point on a wafer directly under the central point CC of Reticle R to interferometer IFYl a measurement 
value is not changed - as ~ the wafer stage WST ~ the direction of X - distance LF - (~ supposing 
only LF-delta Xcc) makes it move strictly, the specifying point on a wafer will be located in the point Pc 
in drawing 19 . Therefore, the true amount BLOy of base lines of the direction of Y which should be 
managed is spacing of the direction of Y of the detection central point Of of an off-axis alignment 
system, and Point Pc. 

[01 10] Since installation error thetaf of an orientation plate FP is called for, amount of gaps deltaTfc of 
the direction of Y of Point Pc and reference mark FMl is the basis of the conditions [ f / theta] of being 
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small enough. deltaYfc**(LF-delta Xcc) -thetaf -- (20) 

It asks by carrying out. Therefore, a previous formula (13) is changed and the amoxmt BLOy of base 
lines of tihe direction in consideration of anchoring error thetaf of Y becomes like a degree type. 
[0111] 

BLOy=delta Ycc-delta Yf 2-delta Yfc-delta YF -- (21) 

In addition, delta Ycc and delta Yf2 It asks from a previous formula (1 1) and (12), respectively. They 
are two interferometers IFYl and IFY2 as mentioned above. While presetting to the value same at the 
time of the base-line measurement by the orientation plate FP Adding amendment to the operation of the 
amount of * ♦-surra in according to installation error thetaf, and by performing alignment of Reticle R to 
the reference mark on the orientation plate FP in a base-line measurement condition all error factors will 
be offset, and rather than the conventional base-line measurement, it is markedly alike and becomes 
highly precise. 

[0112] In addition, it is an interferometer IFYl about the halt location of the wafer stage WST in the 
case of base-line measurement actuation. Also when reading, the amoxmt of [ by fluctuation ] error 
reduces an experiment top from 0.03 micrometers to about 0.012 micrometers by sampling the 
measurement value of an internal counter about dozens times, and equalizing them in about 1 second. 
Moreover, although positioning of the wafer stage WST is controlled by the interferometer IFYl and 
IFX when detecting the alignment marks WMx and WMy of Wafer W etc. by the off-axis alignment 
system OWA like drawing 18 , yawing may occur on the wafer stage WST in that case. However, 
yawing generating at this time is two interferometers IFYl and IFY2. After presetting, a final alignment 
precision (superposition precision of a reticle and the shot on a wafer) is not affected. 
[01 13] Drawing 20 is two interferometers IFYl explained by drawing 19 , and IFY2. Although an 
example which realizes mutual presetting shall be shown and it shall realize on hardware here, the same 
function is realizable by the view completely same as the count on software. Setting to drawing 20 , an 
updown counter (UDC) 200 is an interferometer IFYl . It is an internal counter and reversible counting 
of the up pulse UPl and down pulse DP 1 which are generated with migration of the direction of Y of 
the wafer stage WST is carried out. An updown counter (UDC) 202 is an interferometer IFY2. It is an 
internal counter and reversible counting of an up pulse UP2 and the down pulse DP 2 is carried out 
similarly. Each counted value of UDC 200 and 202 is the Y coordinate value DYl of 24 bits of 
juxtaposition, and DY2. It carries out and is outputted to the main control system 1 14. Latch circuit (LT) 
204 and 206 are counted value DYl and DY2, respectively. While inputting, they are latch pulse SI a 
from the main control system 1 14, and SI b. When popularity is won, they are the counted value DYl 
and DY2. It continues holding. The output value of LT204 is impressed as a preset value of UDC202 
here, and the output value of LT206 is impressed as a preset value of UDC200. UDC 200 and 202 is 
load pulse Sib from the main control system 1 14, and S2 b, respectively. It answers and is set to a 
preset value. 

[0114] As stated previously, it is an interferometer IFY2. It is an interferometer IFYl about measured 
value Le (DY2). It is [ as opposed to / when presetting / LT206 ] latch pulse S2 a. It is outputted and is 
predetermined time (muSec order). It is behind and is load BARUSU SI b to UDC200. It is outputted. 
Of course, in the case of the circuit of drawing 20 , it is possible also for reverse presetting, and it is an 
interferometer IFYl . It is an interferometer IFY2 about measured value Lf (DYl). It can also preset. In 
addition, since it is relative, the coordinate measxirement using an interferometer is an interferometer 
IFYl and IFY2. Instead of presetting, UDC 200 and 202 may be reset with measured value Le and Lf to 
zero reset or coincidence at unrelated constant value at coincidence. 

[0115] By the way, although it is carried out after precise reticle alignment is completed as actuation of 
the base-line measurement illustrated above was shown in drawing 14 and drawing 1 5 , it may be made 
to perform base-line measurement in the phase which carried out alignment of the reticle rough. For 
example, they are the reticle marks [ RM / RM and / 2 ] 1 by step 504 in drawing 14 , or 506. Alignment 
of the reticle is rough carried out by the SRA method or the IFS method until it comes to a location 
detectable [ with the TTR alignment systems 1 A and IB ]. Then, step 508 in drawing 14 and step 522 in 
drawing 15 are performed to coincidence, the amount of location gaps of reference mark FM2A and the 
reticle mark RM 1 (deltaXRl ~) deltaYRl, and reference mark FM2B and the reticle mark RM 2 The 
amotint of location gaps (deltaXR2 and deltaYR2) and the amount of location gaps of reference mark 
FMl and the index mark of an off-axis alignment system (delta XF, delta YF) are calculated. 
[0116] Although the servo lock of the orientation plate FP is carried out in interferometer mode or LI A 
mode at this time, in consideration of jogging of the wafer stage WST, the amount detection of location 
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gaps by each of TTR alignment system off-axis alignment is performed repeatedly several times, and 
calculates that average. The error amount generated at random decreases by this equalization. In this 
way, when each amoimt of location gaps can be found, the relative-position relation between the 
projecting point of the core CC of Reticle R (or the marks [ RM / RM and / 2 ] 1) and the detection 
central point of the off-axis alignment system OWA understands the rest by count. Furthermore, the 
location (rough alignment location) of the reticle stage RST in this condition is read in the measurement 
value of Interferometers IRX and IRY and IRtheta, and is memorized. Also about this reading, 
equalizing is desirable. 

[01 17] and the amount of location gaps (deltaXRl and deltaYRl) (deltaXR2 ~) measured previously. It 
is based on deltaYR2, (delta XF, delta YF), and the constant value set up beforehand. It should be 
generated when the detection central point of the off-axis alignment system OWA is in agreement with 
the core of reference mark FMl (deltaXF=0, deItaYF=0). The amount of location gaps (X, Y, the 
direction of theta) of the projecting point of the core CC of a reticle and the central point (2 grade 
equinoctial point between mark FM2A and FM2B) of reference mark FM2 is computed. Then, only this 
amount of location gaps makes reUance move Interferometers IRX and IRY and IRtheta slightly from 
the rough alignment location which memorized the reticle stage RST. In this way, alignment of the 
reticle R is carried out to a precision to the detection core of the off-axis alignment system OWA, and 
the main control system 1 14 continues the sequence from step 524 of drawing 15 henceforth. 
[01 18] When there is a sensor (an interferometer or alignment system) which crosses the location 
variation of a reticle stage RST (namely, the reticle R) to the comparatively long range (for example, 
♦♦several mm), and can measure it with high precision as above, while memorizing a rough alignment 
location, each criteria mark detection for base-line measurement can be operated, fine alignment of the 
reticle R can be carried out after that, and a throughput can be raised rattier than drawing 14 and the 
sequence of 1 5. 

[01 19] In the example of this invention, although the TTL alignment system of a LI A method was used 
as an object for the servo lock of an orientation plate FP, it is necessary also about the TTL alignment 
system of this LI A method itself to perform base-line management between the cores CC of Reticle R. If 
the TTL alignment system of a LIA method shall be used in case the mark on Wafer W is detected 
Reticle marks [ RM / RM and / 2 ] 1 detected by the TTR alignment systems 1 A and IB When each of 
reference mark FM2A and FM2B agrees in a precision What is necessary is just to memorize each phase 
error deltaphix and deltaphiy of the marks LIMx and LiMy detected by tiie TTL alignment systems 3X 
and 3Y of a LIA method as the phase present of a base-line error amount to the core CC of Reticle R. 
[0120] Next, the modification of this example is described. Although reticle alignment was completely 
attained using the TTR alignment systems 1 A and IB at previous drawing 14 and steps 508-512 in the 
sequence stated by 1 5, the actuation can be omitted to some extent. As shown also in drawing 2 , with 
the equipment of this example Since it is acting as the sequential monitor of the location gap of X of 
Reticle R, Y, and the direction of theta by Interferometers IRX and IRY and IRtheta, By search actuation 
of the IFS method of step 504, the reticle mark RM 1 RM2 When the interferometer by the side of a 
wafer stage detects each projecting point coordinate The amoimt of gaps from the arrangement on the 
design of X of Reticle R, Y, and the direction of theta may be calculated by the operation, and reliance 
may be made to move a reticle stage RST slightly for the interferometer by the side of a reticle based on 
the coordinate value, so that the amount of gaps may be amended, in this case, the interferometers IRX 
and IRY by the side of a reticle and measurement of IRtheta ~ resolving power will be performed very 
correctly [ it is high enough (for example, 0.005 micrometers), then / positioning of Reticle R ]. 
[0121] Moreover, although the off-axis alignment system OWA used by this example was a quiescence 
mold alignment method which performs mark detection after the wafer stage WST has stood it still, the 
same effectiveness is acquired even if it makes it the scanning alignment method which performs mark 
detection like the TTL alignment system of a LSA method, or IFS method because the wafer stage WST 
moves. For example, when it is made the method which makes the spot of a laser beam the shape of a 
slit, projects the off-axis alignment system OWA to Wafer W, and detects the mark on a wafer by the 
scan of Stage WST and the wafer stage WST is moved so that reference mark FMl on an orientation 
plate FP may cross the beam spot, the luminescence marks IFS are the reticle marks [ RM / RM and / 2 ] 
1 to coincidence. What is necessary is just to define arrangement of each mark on an orientation plate FP 
so that it may scan. 

[0122] If a LIA method is furthermore built into the off-axis alignment system OWA and reference mark 
FMl on an orientation plate FP is used as the same diffraction grating as Marks LIMx and LIMy, 
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reference mark FMl detected by the ofF-axis alignment system OWA can carry out the servo lock of the 
wafer stage WST based on the detection result of a phase contrast measurement circuit so that alignment 
may always be carried out to the reference grid for LIA in an off-axis alignment system. In this case, it is 
in the condition of having made the detection core of the ofF-axis alignment system OWA agreeing at 
the core of reference mark FMl at a precision, and they are reference mark FM2A, FM2B, and the 
reticle marks [ RM / RM and / 2 ] 1 by the TTR alignment systems 1 A and 1 B. Each amount of location 
gaps is only calculated, and the amount of base lines can be computed. 

[0123] Moreover, both the mark image on a wafer or an orientation plate FP and the image of the index 
mark prepared in the optical path of a TTL alignment system may be picturized using CCD camera 4 as 
a TTL alignment system, and the method which performs location detection of a mark may be used by 
detecting the amount of location gaps. In the case of this method, they are a projecting point by the side 
of the wafer of the central point (detection central point) of the index mark in the optical path of a TTL 
alignment system, and the reticle marks [ RM / RM and / 2 ] 1 . What is necessary is just to manage the 
amount of base lines between main (or the core CC of a reticle) projecting points. 
[0124] By the way, although the IFS method shown in this example was chiefly explained as a stage 
scan, i.e., a scanning alignment method, it can also be made into a quiescence mold alignment method. 
For that purpose, the luminescence mark IFS on an orientation plate FP is changed into the limiinescence 
side of the shape of the shape of a slit to a rectangle. The luminescence side of the shape of a sufficiently 
bigger rectangle directly under double slit RMl y (or RMl x) of a reticle mark than the width of face of 
a double slit shown in drawing 6 is positioned. If the part of mark RMl y (or RMl x) is picturized with a 
CCD camera etc. using a TTR alignment system etc. from the upper part of Reticle R, the wave shown 
by drawing 16 (B) can acquire a picture signal with an equivalent wave. Under the present 
circumstances, when there is no mark used as an index into a TTR alignment system, the amovmt of gaps 
of double slit mark RMl y (or RMl x) can also be calculated on the basis of the specific pixel location 
of a CCD camera. Moreover, by this method, the projecting point of the core of the reticle mark RM 1 
(or RM2) is computed based on that amount of gaps, and the coordinate value of the wafer stage WST 
when positioning a rectangle-like luminescence side. In addition, as shown in drawing 21 , the slit 
pattern SSP of the protection-from-light nature for measuring the amount of gaps with double slit mark 
RMl y (RMl x) is formed in a part of rectangle-like luminescence side PIF, the luminescence side PIF 
is picturized with the CCD camera of a TTR alignment system, and it is double slit mark RMl y. The 
amoxmt of location gaps of the dark line to depend and the dark line by the slit pattern SSP may be 
calculated. 

[0125] Drawing 22 shows the modification of arrangement of the orientation plate FP on the wafer stage 
WST, and arrangement of an off-axis alignment system, and the location of objective lens 4B of an off- 
axis alignment system is coming to the bottom of the projection lens PL within the space in this drawing. 
This location is the transverse-plane side of the body of equipment, and hits in the direction of loading of 
a wafer. The interferometers IFY and IFXl of location measurement of the wafer stage WST among the 
signs in drawing 22 , and IFX2 It removes and others are the same as the thing of drawing 3 . Since the 
segment which connects the optical-axis location of the projection lens PL and the detection core 
(almost optical-axis location of objective lens 4B) of the off-axis alignment system OWA becomes a Y- 
axis and parallel in the case of drawing 22 , the interferometer IFY of the direction of Y is made into 
one, and they are the interferometer IFXl of the direction of X, and IFX2. It carried out to two. 
According to this, each mark arrangement on an orientation plate FP is changed, and the Y-axis is set as 
the segment which connects each central point of reference mark FMl and reference mark FM2 to 
parallel. 

[0126] It is the interferometer IFXl with which it is satisfied of ABBE conditions when are shown in 
this drawing 22 and the off-axis alignment system OWA detects the mark on a wafer, or reference mark 
FMl grade. An interferometer IFX2 and IFY are used for wafer stage positioning at the time of 
exposure using IFY. That is, when the off-axis alignment system OWA performs mark detection, it is an 
interferometer IFXl . The position-coordinate value of the direction of X measured is an interferometer 
IFX2. It is matched with the position-coordinate value measured. This matching is an interferometer 
IFYl and IFY2, as drawing 19 explained. It is carried out completely like the mutual presetting of a 
between. 

[0127] Although the aligner explained in the above example was a stepper who exposes the projection 
image of pattern space PA on Reticle R on Wafer W by the step-and-repeat method, this invention can 
apply a reticle and a wafer in the direction perpendicular to the optical axis of projection optics similarly 
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in the aligner of the step scanning method scanned to coincidence. Moreover, the same atignment system 

as an X-ray aligner, an X-ray stepper, etc. using X line sovirces, such as SOR, is applicable. 

[0128] 

[Effect of the Invention] As mentioned above, since base-line measvirement is performed according to 
this invention, without being influenced by the various precision of a substrate stage, the improvement in 
precision of base-line measurement is expectable. Moreover, the effectiveness that move a stage in order 
to check that alignment of a reticle (mask) and base-line measurement can be mostly performed to 
coincidence and the rotation error (error of the direction of theta) of a mask, or total processing speed 
improves from it not being necessary to move a stage for base-line measurement etc. is also acquired. 
[0129] Furthermore, since reticle alignment and base-line measurement are almost possible to 
coincidence, though the sequence which performs base-line measurement for every wafer exchange is 
constructed according to this invention, a throughput is not worsened, and the long-term drift of the base 
line, the location drift of the reticle electrode holder by the exposure of the exposure light to a reticle, 
etc. can be checked and amended at a high speed. 

[01 30] Moreover, since according to the example the mark on an orientation plate is detected by the off- 
axis alignment system (the 1st mark detection means) and base-line measurement is carried out where 
the servo lock of the location of an orientation plate is carried out using a TTL alignment system or a 
TTR alignment system (the 2nd mark detection means), the measurement error produced without using 
the interferometer for location measurement of a substrate stage under the effect by the air fluctuation of 
the optical path of an interferometer (refractive-index fluctuation) like before can be reduced. 



. [Translation done.] 
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♦ NOTICES * 

JPO and INPXT are not. responsible for any 
donaaes caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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KDimmmmia? i F^^f/L^^iRi^texu -y hv-i5^ i 
F s<D^m^^mt-itrc^m%^--ro 05 tea, ^etc 

^^^-ymmpA<DnBi:<Dmmmm2mmvmt> 

L I Myimmm^p i F<7)«n^{c<4H■r5*^ cn 

tiTT L77-J'>{yh^©Jfe4S® = 7-2X. 2Y*V^ 50 
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■h^hX'h^o C<r>imX\ SUSv-i^FM2AJi. 

T-^RMi y . RM. X t±^Jg£OJi)tt* S B {cH$n 
/i:SWg|5{CB|gPi:LTf^e.n§c SJpv-^FM2AO 

'J 'y h © 9 xyj^UcmUtcT. 'J >y h 
;l/XU'y hV-^RM. yfCfit[5!*iA>$n. YT^lRltCjlD' 
fcX'J y Vtliify/VXV «y hv-^ RM. x tc$l{fttii$ 

nscfcTN mmm7^-(}tyhfm^ttitc!itic 

[0 0 2 6] CeT', g?Pv-'57FM2 ACOttJoirV- 
^J'L I My<D4'>i:^i:C0X;^fa]<7)raPiK. 5?)t7.'J>y 
bv-^ I F S<Dt^^v^f^—> I SMy(Dfp'bt(DXy3 
fpjOfaSlKz 06{C:TxL/c^)tX'J'y hV-<? I 

FS*^Uf-^;bv— i^RM. *Y;^ifi)^g-r5i:t0X 
:&[^©:i-7-b«y hftAXk C^xMilgigfii) 
-tOiotcS^^tlTl^So -r^to-^, K. =K. +A 
Xk. SSl^tiK, =Kr -AX klCl5S^nT</^5o 
[0 0 2 7] 5e>fi:X;^fS]fflcDTT L 7-7-1'^ y h3^T' 
^tllBl^*V-^LSMxCDX7?|6]C04''L>ffi!i{4, SiP 

■7-^/FM2 B£Dx:^[S]cDft3.u{a[Hi;-a-r5o cnt± 

2'^RlTtOSJ<S-7-^FM2 A, FM2 BCO^^'-U^^i:!? 
JiexU-y hv-^!^ I F SOif'DtcoXTulqloraBIK 

SMxOY:^lfil<D&ll«, V— J?L I MxOY?? 
|nlJDfiiSfc{J{JI?H/>A^ ®t?B{c{4, I F S 

<D^>bt'r-'> L I M X (Dfp>L^tCDYyjJp\(Orm^ 
K, , ^^v-i'I F SCD4^.i:>i:V-:^L SMxQtfJ/L^ 
tCOYy^\^COmm^Y.i tLtct^. K, =Ks +AY 
k. XtiK< =K5 -A Y ktOMO^fC^^^nSo 

(ISi, K4 , Ks ti^^x^Sr^BS) o CCT'AYktiSe 
^C/T^■r<fc9^i:5filJfeX'J«y l>v-:> i f s^&'b^^^yw- 
^RM, ©^:/;u;^i;«y hv-i'RM. X ;&X7?rfi]fi:^ 
S-r2.i:t<DY7^|ql<0;i-7-fe>y httT-feSo 

[0 0 2 8] :klc^ m7^^mLXTTR77^?(yh 

jk (I A) <Dmwi^j:mf&^mm-r^o u^i^/i'V-i^R 

M. C0±:^{C«^S*t5 7-l 0 0*M 5° Xm^-^E 

n> 7)<¥{cgHH^n;c?>fi«!)uyxi o icoTtfii^w^^ 

;l'R{C?}LTgifiJCt5o C<0TTR77^'^:/HR{± 
l^ftllSltfi8W©/-ci6tc, Vf-AXT-y-y^f 1 0 2, S)t 

^o^^5o ->i"y:5f-i 04, mm9tmu<yty7 
10 5, )t77-r/^- 1 0 5<D^iiif^f:^(b(Dmm 
mm^Lxmmmmm i o T^i^-ra-rsfctoco 
m^uyxi 0 6. so'Mif^o 1 0 7*^e>oB8^3t^ 
"r-^-mm^if^xmiyyxi 0 I'Njis^t-rsuyx 
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— j'RM. 0 0, msi^y^i 

0 1 ^^tTkT-Axyj «y^» 1 0 2T'5l«f^n, ie« 
UVXl 1 OtCA^-rSo V-^RM. 0^)t^t±, M 

-7 5 7-1 1 ir-z-Dicj^m-^ti. ssssi^yxi 10 
{ca;oTx;^ifi]^aifflcDCCDA^v 1 i zxtY:^[^ 

i^HlfflcDCCD;^;*^ 1 1 2 YO*'!?c7)®®ffi±tctl£;^ 
JSii^nSo CCDiyy^y 112X^11 2\tli. v 

R M. <Dit.:kmi!imiJk'^M&m(oyj\ttii3m^^ic lo 

[0 0 2 9] C«DIS, V— J'RMi 5:^€fji)t?gSBC0 

i^mjmigS'DiaTfc. mmm p±©s?pv-^ f m 2 a 

^fj^ffifi-rSi:, CCDI12X. 112Y«S*V-^^ 

iMtmmm^ 1 1 3 xn. c c d;^^^ 1 12 x*^p,coiii 

}^rS]fc]^r;fcxU'y ht, u^^^^I/v-^^rm. 
;UXU>y h-7-i^RM. X i:<0X3^[^ C7K¥^!US:^F 
16]) Otte-fnfiJ&*i<)5„ ii®J!ia@!Sl 1 3YliC 20 
CDi3)<vi 1 2 Y/)^?><7)iii^m#*rS^^;l/iSJgStta 
LT, g?p-7-^7FM2A<DX;^[Sl{i:3itfrv:X'J'y h 
t. U^^/;l/v-:j7RM. (0^7';l/XU-y hv-i'RM 

1 y tOY7?[pl (7K¥^$3^;^fR)) (D&m-rtim^Mib 
5o ±i|iJffll3^1 1 4t±, mm^l 1 3X, 1 1 3YT' 
jR466>nfcSipV-:? F M 2 A i: U^^;l/-r-^ R M. 

tox, Y:^iB)ofi[^-fna*^^46ia«Lrci^gSEHi^ 

MmtX. Uf-i'/bRWttS^fiiiE-rS, 

10 0 3 0^ mm^i \ 5ii. mzic7nLfc3-o<D^m so 

H-IRX, IRY, I R 0fcJ;oTU^^'7l'Xx— >'R 
ST<Dm]Em(Di{Lm (X. Y, 9) ^^^HiLT^sO, ffl 
iE?S{C3 0(DT^H-I RX, IRY, IR0*^^m-r^ 

5t±, 300T}$ttIRX, IRY, I Reo^&'^rOti- 

l/f-^;bXr->^*R S T^{iil-9--d^Si|WCctoTfflg 
i^J6-r§o Sfc±$f)®?Sl 1 4{±, 'i'xMXx-v'WS 
T<Dl^m^. Ti^H- 1 F X, I F Yi , Xt4 I F Yz © 

(003 1] ia7{C^LfcTTL7v-r;^yM^ 

1 Afcfi, siiifiF p±<o%yev-^' I F si}^e><Dmm 

9t^. ikmuzyXPL. U^^;l/R03j|^mSBOrt6P 
<Ojifl^gP, 5 5-1 0 0, ^ifl^l^yXl 0 u e-Ax 

:/'j>y^'i0 2, uv'Xi^i 0 9Rt/tr-AxyU'y^' 
1 0 8%in.rmmt^m^^-'>^mktimif^n 

5, C£0^)tev->7§^tlf,{iU>Xl^l 2 0i:^«-fe> 
•y-- (7^ hv;l/^7'5-l'-\'-) 1 2 lUT-^/iK^n, 

m-izy-^- 1 2 1 og^ffifiSKbyxp imE 50 
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p, &ump>'X 1 0 1 i: uyx?^ 1 0 9 tmom 
mt. nmcmmfiti^. ^a-ty-tJ— 1 2 1 ^yt 

v-^^I FSA^U^^'^l'T-^RM. (XfiRMz ) % 

i$H-lFX, IFY2 *>e.ai:'3?n?.7>y7'^«>://^;u 
X m?HiO. 0 2 /imOgfiaiaStc 1 /^;UX) tcjSSL 

[0 0 3 2] ^tmS^PmLX. 024'©TTL77 
^'^i'hSS (2Y, 3Y) ©^figf^-mittWrSo * 
mmmr-mt^TTLT^^yiyh^lt. He-Ne 
b-if?tj® 1 3 Oi}'^(D^^m-^-'>mm^i: bTfiJ 

fflu '>x/^wcol/v'•x^®^i:<^;5v-^sl^^^t^^I^ 

0, *»^UVX3Y*«W{kUT2O077'r^yh-b 

1^P^¥2 - 2 7 2 3 0 5^4>ii, X«1$W¥2 - 2 
8 3 0 1 1 ^:2^^^cpf!Hll^^:ffl?^;^tlTV^S®T^ CilT- 

[0 0 3 3] \^-^9m 1 3 0*>P.OH e -N e P— 9* 
7tlie-A;^7'y-y^ 1 3 lT-^|iJ$n, fflMfi^tcfflEB 
^nS>'-\"y^?-l 3 2 A, 1 3 2 BfcMSo 08T'{± 
^/•fr>y^»-l 3 2 A*T»Bt, '>+'yi»-l 3 2B*<BBi; 
fc*?®{C*»3, U-if)t{±23tmT}$75^^yh (L 
I A) 1 3 3 A'NAm-rSo COjM^tl^ 1 

3 3A{±, AI4b/ctf-A;&2*©U— »ftr-AtC^fJ 

^S)^^^^m?^fflv>T2*cDU— ^ffcf-Afi:- 
jM>1£A 1 3 3 kti^h^ti^n^ 2*OU— «f tr-A 
(±[§l0iOiKffi^Mia*77lBjKWlcMA.T*i/^So ceo 2 
*<DU— tflf-AtiM-7 55- 1 3 4"P5lt?n, ? 
^{<:tr-Ax7'U>y^f 1 3 5T*2ofc5}-|>J*n«o tf- 
AXyj'y^f 1 3 5T'SS^Lfc2-DCOl'— !ftr-A«W 
1%I1^:/X3 Y^C<koT'>x/^«^5E^DiK^) A P A±T-^ 
M-rSo g?OAPA^5aof::2*<r)TO*b— tPtr-i. 
{±5v-2 YT'SS^LTS^U>XPLfcAS«tb, -i^x 
/NW±, Xl±S¥«FP±T'Sjt32M-r§o i:c02*£D 

(ten, ^-OT^Igfi 2 *©vf-i*O^KaMli:i5i;fc 

[0 0 3 4] ^-CT, 04, 05fC^^trcV— i^L IM 

y, L iMx*, =?mmtmif^^m^=f-tt^t. ^ 

Wm^tS^l^etDV— L I M X , L I M y is^^immL 
^^■rSo ^-i'L I Mx, L I MyOI5J«f<S^<0t!-y 
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^ 1 3 5^-gi5M}@LT, ytmmm^i 3 Qtc^-rso 
jtm^wfg 1 3 9<D^ytmimmiyyXp LcoKae p 

SSI 4 OlcXtJt^o 

[0 0 3 5] ^rc, 1 3 s^jgiiurc 

2*Oj2l)te-A«. iS!7'-';xEgSlxVXl 3 etc J: 
oTgj@ScO«i|61S^fi I 3 7±vmimtii^X^ 
M-rSo SfoTSifSI^^S 1 3 7 ±tcti, 1 ^7C©Tj$ 

X'-yj\^imn^o ytmrn^f- 1 3 simm^'f^ 1 3 7 
*^ to mmic^^t s ± 1 'Amyt(D=^m^. xi* o 20 

4 0tcUi:/3-r5e 

CO 0 3 6 ] ffitantfiBiisiK 1 4 0 1±, jtaig^ 1 3 8 
!fl5Mm^<o{f[ffl^A 0 (±18 0' im) ^m. "tCO 

fflffi^A ^tcmUfcSiPSF P±<OV-^ L I My 

ii^xTd(i^^i)\ mm^mmmff±\° x^^tt 

V-:>L IMy<D*5^tf<y^Pg*8fim, 
«g©l^<y^P f 5rPg/2i:Lfci:t, teim^m^)- 
IWtgCi. ± (r / I 8 0° ) X CPg/4) -P^to^ 
n. *^±0.0 1 /imi:*So 
[0 0 3 7] ia7£D±$lJffl)^l 1 4li, 40 
m^<OL I A:^^C0TTL77-l'^;^hlS5!3^*S<D{aS-r 

?|5l 1 6^-9— d^SiJffllU mmSLYPl.Oi^'-'^L IM 
y*^Sip*S?« I 3 7t3^LTmt::-^<D{aHM^Kjg 

[0 0 3 8] rc/cL. +J— #n«y^;|rt7^aii^{i, ^ 
nM^ 1 3 8 i:)tm^tHt§ 1 3 9cD^^A^P)CDM^cOfi[ 

mmm-finm\t^m^m\tr^<. mm-& so 
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(f/-i:1^r^^2-2 3 3 0 1 1 ^^i^ilfCtffl^^ tlTI/>5 
v—^iltaj^rfijiiieS-rSJ^l^lcJit/rcX-yU 

■7-^;!)^6.%4-r?)@5f^ mLft^ftw^^\.xnht\ 

S T©^®jH:<5}JoT^T STg^H- IPX. I F Y. ti^tb 

Q^7-j-:r^t)yi^)\^7.\Ltim\^x=r'J^myf^)y'f 

CO 0 3 9] mSfp<0l'-'^7s7'y':/7'7^}^yh (L 
S A) 1 3 3 BtCli, ^z-V-y^f- 1 3 2 A 

A^KCT, iz-^-y^J-l 3 2B*^BflV^TV^i.^:^^Cl/- 
/^y^^i: y H u ijjiiyyxomx. 

XT'U'y^' 1 3 4, 1 3 5, L/>X^3 Y&r/S^-2 

y^itLxmuyxpucxm^o cm. mp 

Mi. He-Nelx— 'f)t«ffiMcD«>tT">x/\B5 (S 
JpfiFPCDffi) i:«?ai:^oT:}30. if-Aticcitcx 
U 'y b^fc^^t? nSo H 8 {C,tn L/C T T L 7 y 
h^^cOli^, LS A;^ST'f^e.nstf-AX4^-y 

mm^p I Frt(Dg^±LfciiiaT'X:^f^tcjit>Ycx'; 

•y hWCfiEJB^nSo "^xm;^?^— >*WST^Y7J|6]IC 
^aUT, SmSF P±C0V-i'L SMy7!)^e-AXd? 
'yh«:«l«5i:#, CtDv-^ L SMyA^C^^tiTclHl 

m ximfLm'^is^uyxp L. ^^-z^.tm 

U>X3Y. Rt;if-A;^7'U"y;Jf 1 3 5$r^LT3ie« 

AfflaiHlgSl 4 2tCA;'3^n. 'i'x/^Xr-i/*WSTffl 
£0^?$lt I F Yz (Xti I F Y> ) ^'^(DTyf^^y 

f^)vxm^\i {)p^t^mLxr'J^)\^^yzr') y/zn 
So iaaiHiKi 4 2{±rv/•^'y^•t^>yll>'y^n/^:m^ 

Saat J: o ^ ^: U ±C0&>B*^ 6. L S A 1iiS:.<J^7. V y 
mTs^^y h^<0^yi\^(D^>b^l:'^-'> L S My«DY 

wsTCDYj^tiii^giiiL, -^-^immmssktL 

Xmtlt^. comas S At407*O±lPfi»3^1 14 
[0 0 4 0] SfcLS AteaialSSl 4 2rttC{i, ia7<D 

jt«-tr>-9— 1 2 ^i}^^b(o^mm^ssD^. yyf^ 
-i7y/^;bxm^UD P{ctS^bTx'>*^;U-9-v7''J ^'^ 

li]¥fei:^WU U^^;l/-7-^7RM, (DRBUy XPL 

izx^^mmt^yt-^-'^ I F stA^-sjj-rsttw^ 
<D«i^{iS1i$BS S C i: LT±$« 1 I 4'\m:bt 
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[00 4 1] ^Xi^B. 01 0?r#B§LT, ty-Yi^ 
^-4C, UyX?^4D, Ra*M-7S-7-4 E^rrO-L 

Tjiii«4 F±tciK^-r5o I MP^mmt^ft 

ti, /^-7 5 7~4 E^^>LTU>'X^4 D, 57-4 10 
C, W14JU>X4B, &t;7'JXA4 AJ&^LT^ffil 

ibXi&l^^mmm^ 3 0 0nin@Jt(^)/^V KiH^WtSo 

[0 0 4 2] jg^ig 4 F 09 ^c^^•r J; d icmmfS'^ 

/^^J-yA^Sfig^m^V-^TMX. . TMX, , TM 
Y, , TMYz ^mf&Lrc^(DX'&^c 01 0t±, gt^S 
«F P±fc^^L/'ci[SlLXiLY, i;<D5?j^i:}g^« 

X. , TMXj {±Stt5«FP±©StfST-^?FlVI, *X 20 
:>^lS]{cJ^*jityJ:^{i:l8tt6n, H^-r-^TMY. , 
TMY: ^mm-7-'>¥M^ «rY^i6]fcMJ!^:3ityJ:^K 

[0 0 4 3] m^«4 F±iD^||^V-^i:, S 

»fflO^«iU>'X4Gi:/N-75 7-4HJ&^LT2o 
(DCCD*>«v4X, 4 Y±{::ffi;;lc!e»$n5„ CCD 

* ^ 7 4 x (ommmmii. um^ 4 f ±-vim 9 

li4 0XlC^^^n, CCD;*J75v4 YOilSlMJ^ti, 
mi^4 0 Y{C^^$n?.o ^L/TCCD;^;^7 4X07j< 30 

^g^T-^TMX. , TMXj O^'f'y/^ 
^'-yi:il3£-r?.X77r&]K^46P.n. CCD;^3p{^4Y 
i07}<^^dSl^tim^V-^TMY, . TMYt tO^-r^ 
7^^'-yi:i[2J!-r5Y?3iB]fc^toe)n5o CCD:^;j<7 

4x, 4\(D^^i)>e,(Dm»mmi.. mmmicmnu-<. 
laiiST'Saa^n, =t(oiiLmtnm<ommim7 (Di.um 40 

1^1 1 4M§«S SEtbXm^tl^o 
[0 0 4 4] f^. *llfiii<?ljc0ti^. ;i-7 • 7^i/X • 7 

^lC'Dl^XitZ'D<0mi^-r-i;7MX, tTMXi OX 
;?Iq]©2l?5^-^T'^»3. Y73lS]lCOl^T{i2 00mg|-7 
-^TMY, ilTMY: t^Y73rSl«0 2^^A5T'S5o 
^Lii-&(CJ:oTti. 2'0<7)|g1iV-i7TMX, , TM 
Xz CD-5-5> mtfV-'J'TMXz (0*£DX:^fS]^Dcf3-L^ 
^^^1$tli43.L^i:•r 5 c i: t fe-So 

[0 0 4 5] 0 1 1 imm^p p±\mmnrzmm-7 so 
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— J'FMi <DK±mXSbOs "ilj'piicmtfrcy^yf^^ 
- :y ^ X TJi^JC-^ e -y ^-^Jga^gEJ^I^ 5 i: 1 1 1 . 

x;?i^{c@tf/-c7-ry/^^'-y?:Y:)?iSitc-^i;-y^T 

S!^V-^FM> <DXy5l^<D{iLmmmc&rcr3Xii. c 
C D * ;< ^ 4 X 7t)^ P.£OB»m^^iSt)gJaillpIKT'fS^ 

xy5\^{zikA.rm^^<D^-fy/^^-y(D^itkitim 
m mm&m) o^i^ms^rsqiv-i; fm i (Dx:6-[fi) 
&.mtu li^v-^TMx, , TMXe of^^'L^^a[Sfc 

M. 0«8lJ3, ffig-rnSO«IHi{COV^T fe c C D A >« 5 
4 YtcJ:oTl^fiUc?T*t?n5o 
[0 0 4 6] tc^-e. $fe{i:05T'Ui?^L/c<l:9{c, T 
TR77-f?iyy^tTll7y^jiyV^.txm-& 
ni.S?P«FP±cD§Sv-^cDlHgt±. -^OttSM 

z^^mLxmmt^o 0 1 2tiiiiiiLx±(c{4gL/-c 

Sv-:?Offi;^0T-*»j, T— J'L I MyfiYTjlRlJC- 
^T-fetJ, V— ?LSMytiRmi^ftit:;»clxT^TJ;-5 
^C^!S/J^:&iE7?Jg^0 K «y h / - V X :^ffeJ{o e -y ^ P S 
X T'E^J Y :^lpltC If 'y ^ P S y "eEjnj L/c 2 ^^tcO 
W!^j^^-yXS!)^o V— i^LSMy{iY:^ln]fflOLS 
A:^i^(DTTL77't'p<yh.3^0lf-AX4?>y hT'<^m 
^n^feOT'feO, k:-AXd<'y hl±X73[p)tcX'J >y h 
l^ct-Jit;, Y^[S]©tr-A«ifi K-y hv^^f->'tDY??|pl 

fSi, xT^ifiiotr'y^ps x*^v- 
^yf-psyii\y5n\cm^m^-^-'>^m\bx-7 

^fb-r5*:^Sco^i.>tt{i, igSSLX±tcM4;-fi?iJOF 
[0 0 4 7] Jfc, X:^[6j<Dlf>y^PSx(i, \£~U7. 
oT-SWtC^i***^ Yi^lfiJcOkf-y^PSytiPS X 
05T-|KWL/'Ccfc^{::, V-:^ L I My£0X:^|6]O 

^^'i:^J^^:S?Pv-^> f m 2 Aox73iS]otti.i:>;^4:cD[fflPS 
K. myfr—!7i ¥ s(Dxy]\^<D^>biS(f7~':7L 

SMy<DX:^\^<DfpZy^t0TmK2 tit. K. =Ki 

L I Ay]^(OTT L7v^ )iym<D-^-mmm 
i=fm(ommm (D^pi^t. i s A;^icoT t l 7 

[0 0 4 8] u±<DmQxmmLrcTii7^'<?^yh 

X73l^]ffl{COV^Tt,^<|Hl^fC«lfig^n, ^V- 

^'CDX73lp]<D{iH1t«ii±«5^ 1 1 4^jMen?.o 



(9) 
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15 16 

MRU. ^m7^^:i>h<Dmmc'Di.^rwimt^i)\ 
^(Dmcw^m p«'i7xMXx-'>*ws T'vw^ow 

CO 0 4 9] S£3l5, ^(Omomm^^'!? x/^Xy'-'J± 

- 1 3 5 8 3 1 wm) o Lfj-^trjim. mmtfj^^twi 
m^^t, ^mmmm^ftLrcmm<owi'&-f5m\.tm lo 

[0 0 5 0] i>fn(7)H^73SfcLTt, i^mmmx 

LfcSfp«FP±{C^^?n'5)Itt^LXi:. 03tC^NL 
X, IFY> (Xfil FY: ) ?rSI«li:tTV>5*>^, 20 

^mm. I M X . I M y o^&i=rffiA^ffi^ffiBH-iiijcDS?p 

5l0f>rtt^lli:LT, ^i!)miMy(Dgifffii:iS5^-r5 

Wf fntcn L r ti -i? X MXx- v^w s T CO 
[0 0 5 1 ] ^T, wa^m ?<Dnm^mmm.t. mm 

L X -r -y / ^-f c <t S g Sttif J fc J; o T *i6T t V ^ 

'>xM^{^o/ci^Lj^t{e:<fcoT**Tt.<J:V\ C 30 

cT'ti. ~mhLx^mYm\^^^:fjm^mmt^. m 

:^iSi©-7-^<$tH:^fS];&f^, t^-DZ-Drnmii FY 
I , I FY2 cDt.^-rn^^-^^tcMtrz'y'^^fl^^iKJS 

v%o^ kmxib^<ox\ :mmmx\.i^wn\ fy 

B r = (YA, -AYFd) - (Y 

= (YA, -YB, ) + (AYFa-AYFd) /Lfp - (1) 



2 OiDSSpV— ? FM2AfcFM2 D<D5^>{f (D YT^Ip]© 

mt^o ^(DtcibK. mi 3 (A) (c^-Tck^fc. mm 

■=<'-^FM2DC0X:^[o]tCjtii;fc/^-V— 
7^i/X • >M^0WAO?^!felb>'X4 BCOM 

i?f^{Cfi[{i?-&. 09^i:^^L/^:^i^.T-^TMY. , T 
MY, i:(DFaT'Y73lRl«(agfnffl^«4&So ^-COI®. 
Iggv— j7TMYi . TMY2 <^V>-fn*^-7?(D*i»C. 
SJpv-^ F M 2 Dc7)X7jlPlJc5£t;/c/^-v-i';&7'7 
-r;<>h-r§J:a{cLTtJ;v>, i^. 01 3(ct3t,^T. 

[0 0 5 2] l/^-rtlfcL^, Jg^V-^TMY, , TM 
Yz ^SJptL/cSJpV— ?FM2D©Y?3lS](D-rntt 
A^AYFd*^ 01 0©C CD*;'{^4 Yjb^eWjagiM 

pm^i I A^xtiLXii^^mmssEtLxm^nx 

t^5o Rf^JC^ Slf!!V-^FM2D^M1^U>'X4 BT 
«^UlLTV>5i:t<0Ti$H-I F Y> . IFY« (OthilM 

YAK Y A 2 ti^^mm% 1 1 4 iamtti^. 

[0 0 5 3] :^>:ic'i7xMXT— >*ws T^x:^[R]{c-^ 

«Lfp/-ftt^fl^-ti:T, SipT-^FM2 A(DX73lp){;: 

OWA<0jg^V-i/TMY. , TMYz fCj^LTfiigi* 
to-rSo il<Di:€©1i?^01 3 (B) ic^fo ^ORl 
O-^SLfpli, SJp"r-^'FM2 Ai:FM2D(DX7? 

CO 0 5 41 ^-LT, nmicmm-7-c^FM2k<DYyj 

[S]«D-rnaA Y F a I F Y. , I F Yj 

ttfffKBYB, . YB2 ^mib^o iu.±(Dmmc^*)m'm 
i'fmmjL. mimmc^^xnmmmme 

465o "i/x/NXr— >*WS T^x:;^(ii]fi:-^ML 

C005 5] 

-A Y F a) /Lfp 



-I- > y ^ 5 x / NX X- S^*W S T C0?S/M5I?te^^ii- A 
SyTb^ie (1) \C'^'^t\X\.^^:Lt\cr^^o tie-pTKcDSJ 
0 f = 0 f ' -A0y 
3-^>^^tCj:5|51fe^gA 0 y(i, 
A0y±? (YAi -YA? ) /LB- 
T'^i6e.nSo CC-eLB{±2OC0^}$fi-I FY. , I 
FYe 0&}Bimil!i©X:^ffi]tDraR3TS5, 
CO 0 5 7] ^CT-SipV--^ FM2 DcD{^»)CStpV 
F M 2 C^i^-^TIeHtcOltSimT*^ t>c0i:-r5 

i:, mm-^-tfvu2ktvu2coxij^(Dm'm so 



C00 56] 



• (2) 



(YB, -YBz ) /LB - (3) 

^t'fWsW FY. . I FY. cr)X;^[a]CDraRSLBi:^L 

<^D. tJfoT'^x/NXx— >*WSTcr)-^flLfpO^ 

Ai:FM2C (X«FM2 BtFMZD) t^f^^ii^ 

{rfci/NTti, ^ (3) tiiA©<k9fc«5„ 



17 



[00 5 8] 



A0yi5 (YA, -YB. ) + (YBz -YA» ) /Lfp 

.fc^r, s (1) , (2) , (4) i)^^. mmuwMo fit. 

0f%9f' -Aey = CAYFa-AYFd) - (YB2 -YAj )/Lfp 

■•• (5) 



^m^5-Z 13 14 



• (4) 



[0 0 5 9] f^b-^. thiffJ{cM9 2o®Smv-^tO 
X:^f&I(DP^R|*\ 2-:J(^=FJ$I]-I FY. , I FY2 <DX 

FY. (Dti-j9J«i (YA, , YBi ) ^*:-^-L^<T 

I M y fci^fSSWlillE^lg 0 f m»b^ti^(D 
T% c:(D<i^±$iJ|??^l 1 4icm^t^o SiplfiF 

FM2 Ai: FM2 C{Cj;-pTt#e>n/c|5]|g 
^^0f. i:SJp^~i'FM2Bi:FM2DfCcfcoTtf 

e,n/c:is]is^M0f « t<Dfm¥i^m iBf , +ef 

IC, iI*aLX±{Ct4, V— ?L I My. LSMy. IF 

s. FM, timif^nx\^>^<DX\ cneco^-^i/^-fn 

LTY;^[S](7)T--^ijigtf-j»j^fTor«><fcv>o v^•rn(c 
itffi'J-r'^t2^rRrriDv-i7<7)x;^r6]0!©jitt. » 

CO 0 6 0] $fci:i±"r'l«WLfc:gHlf3fJJj:j:5S®0 

y7.\z^\.^xmmt^^ •^<b\>z.ujLm\-m.^ta f 

M^OWAfdcfc^-^x/NT^-r^y h^{i:(J>i-7-fr'y b 

t Lx^mtt\^^<Df3:(Dxm^mf^~-7^m^^c 
ticja^xB f **46?.;^ii«)#K.enSo -r^ta-^, 

:^-7 • r^'i^X • T^-r^^i^hJ^OWAJ&i^oTrX h 
^X. Y;^|SjtcS?tyiii:{c:<J:oT. Se«{O^W^M0 



^^;l/v-<>ffl<D^^JS (Sit^S BOrtdJ) 
^5iiiii^l@a[(cLT^^7;L'X';>y hV—^RM. x. R 

10 [0 0 6 3] :{RJ,n^Pm% 1 1 4 tt. U$^iJ';l/ROV- 
^'RM. , RM2 m-Y\.7^^:f'yY% \ IBfC 

iir>xiEmmmn^i^o\n. v^^/VRtotts^:^ 

0 4. 5 0 6t^s-r<i:9{CSRA73^i: I FS;^^:i0 2 
OA^SO. Xr-y75 0 2T'^-5?>(73^-K{i:-r57b>A^ 
SifnSo ;^X7 75 0 4© I F S73^{C<fc57'J75 
-f^V-htti, 06{C^-rcfc-5tC. Pf^^'^I/Xx-v'R 
STO(S[@5:@^Lfc**. ^it-^—i; I F S*<U^^ 
20 ;l'T-^RM. . X«RM2 *^1^«EL^a:S:{4H^«l5!s 

(«?IJ^tfSinBi) T'X. ^l5U\C^~=f-^miE^X. Uf- 
^^yb-^-^RM, . RM, FX. IF 

Y2 {i:S-:3i^T^7{i:1^ttiL, ^©^mfi[SOi9H-±iO 

ifig*^e)<oi*nB^*46T. u^i'^i'X-f-v'R s iffl 
OT^H-IRX, IRY. I R 0^iSO{cbf-^;i/;^T 

[0 0 6 4] CintcWLT. Xr7:/5 0 6<0S R a:^ 
^{c J: 7 U 7 5 W ^ y Mi WTO J; o {c5l?f ? n 2.0 
30 l/5^^;W-^7RM. , RMe *^#fiL^-9*(iiS(^iI 
Tf-S^S F P CDJSlfiOffi^BHS L. ^<7)4^^T'T T R 
7^-t';<yb^ 1 A. 1 B^fflV^T. CCD*>(7l 1 
2X. 1 12Y (Ml) ICX^XU^^jVR±(D/^^- 

y^mmLx 1 ii®(^(D7j<ipj^Sifi|{ctsi;/cii«i{i^K 

Jg^^^UfcKOiiCTo ;A{CU'f-i';l'Xr-i^RST^& 

T^tt I R X. IRY. I r 0 mmmcm-ii^^xmm 

%i 1 Sfci^j-^S/cttXT^r&i. XfiY;^(fi]{i:^i^i^ 
-e:T*>e.. 2iaffi@cDiii^M^&Jg^CCD;?7^v*^P> 



T$i:4i>TxE'<5o 01 4. 1 bimumiSii^'-'ryx 
«:lftWr57n-^+-MaT'*t). ^(0£/— iryxtt 

±fc±sfj®?^i 1 A\zx^xm.mmzti^o 

CO 0 6 2] $-f . R?T^<D^«lf^^{ClR)S«J?nTV^/S:l/ 
^^';l'R?rift. ^\t^m\cW^L. 



^bV-^RM. . RM« 0&{iS^*46. t5ft±<?5(aB 
7!)^e)0-rna^*ii)TA^6U^^7;l/X-f-v'R S TOfiL 

[0 0 6 5] V^-rnO"9--^^:-KT'ifeoTt, u^^^ 
;l/R<OV-^'RM.. RMz t^JStti-D^. 2 0^)71 R 
7v-r:><:/h?^l A. 1 BO^-^rfcStten/cCCDA 
^■5 1 1 2X. 11 2 YiDS^tU^rt^ft^'L^CgSC^img 
)gcDfSaT'r'J7^'l'p<yhT't5o i^tCiSfJ®?^ 1 1 
4{±. Xr-y7"5 0 8;^)^P>(DU^^;U7^-l';<:^hf?I<'^ 



^. L/^^>;l'R<OP— r^-y^gti. 06{C:^Lfcl/ 50 irASAV ^iOtol;:. 20©S?p-7-^ F M 2 A. FM 



(11) 



^^^¥5~2 13 14 



19 



20 



2 B(D^^timmU>XP KDmWP 1 fi^(Dmn±<D 

mil FY.) mmm\csni:rpmLX'>xJ^:^T 

S??!i6$n5i:. S?pV-^FM2 A, (FM2B){i 

4^;ag-CCCD*^7 1 1 2X, 1 1 2 YT-ji^^n?., 
C©SligT'07ffOJ!iSlHlSSl 1 3X. 11 sy^iffW} 

M, (OX, Y;5ini<Dfig-fna (axr. . ayr.) id 

(OX. Y>j[n]0{itB-rnffl (AXRz , AYRi ) i:JSr 

CO 0 6 6] ^^{cx-f >yy5 1 Or\ ^{4S-rnfi;!)^if 

Xr'y^S 1 z^NJitJo CQtt. 2o<DU^^ 
;Uv-i7RM. . RM, OJgtt, BB^:?)^6.We*>!Q:J:9* 

A0R=sin " ( (AYR. -AYR, 



FM2A, FM2 B©^4''L.>^S(C?sfLT^U^^';l/'=?'- 
^^RM. , RM« (D^>b^(0^^t^\y'f-^}\^^^sZQK 

ifijttT-rnTi^sfct^m, ia?:^isifc-rnTv^-5i:t«: 
ntt^t. x:^fS)(o-fnaAXRi ^axr, 

[0 0 6 7] [^filfc. u^i';l/RtOY:^i&)i:0:^i^iD7 

j^*«t3>jhi^^^<o Y m (o]Enm\^ tnrc t^^jEtt^ 

Y:^iflI<D-rnftAYR. i:AYRz 0«i14tiieWffi 

(0ii£:^iS]) o-rnflA 0 Rii. u^d'^v-^ r 

M. . RM^ (OXlj\^(Dmm^lratt^t. Yl^plRlO 
■rnfiAYR, , AYR, (bf^^';l/±T*©ll^) *>ei 

[006 8] 



) /Lrn) 



if (AYR. -AYR, ) /Lrm 



(6) 



fc/£L, mmivi!iitE(Du^^Mc-D\,^xt-'mr'^^ 

0:^fP]©Uf-^;l'RCD-fnfi©fPffi{im*!£l::iiA 
YR, -AYR! (Dfl&fim(D±^b^J^ib^m^l!^\.\ 

iu.±<Dcti3^b. X. Y. 0;^[fi]Oi/f-^';i/Ro-fnfl 

mnmJ^Ot^ti^^ttii. Xr-y:/5 1 2T'^^^ 
>*R ST^aSl^-tJSo C(Ot^. X73[nJ. Y 

0:/3i6)(c':>i,>Tifn<*6v^u^^;i/Xr-i?RS 

T^«g|$-ltn{^J:V>*>*Wnfi (AXR. .AYR 
. ) , (AXR, . AYR, ) {cS-:J^,^Tmm^ns*^ 
6, U^^yl'Xx-v'RSTco^iig^SOO^i^^ltl R 
X, IRY, I R0T'^:-:5'-L*;^)^e*iIE-r'^^ffiB 

^mt^^, c(Dmmyjii.it. pf\mt~:fymy3^ 
tmiti. mmj^i 1 5(o%mmm. i^^t^jiT^T-'j 
RST(D^mi[k>ibm&ii^i-^icm<, t^<^^bx^^n 
tf, 1 m(o&m-rmwi (;^ry o s) 1 1 awfi 

gMlE 1 2) ^tJTU^d^;I/R^Bg!fi[|i 

nm7.Ty:f5ost'ib(DW]i'f^mK)mro 

[0 0 6 9] U±<7)Xr>yy5 0 8~5 1 OtCjCoT, 
Uf-^;l/R «gfp1fi F P ±CD 2 -CicDSiSSv-^/ F M 2 

A, FM2B(Dmm±omf^mmiciiLX7^^:^>v 

-i^FM2A, FM2 BtcWUTT^'Ty^hSnS 

*\ 5fe{c0i 3XMmLrcx^{zmmi&Fpmw}m(o 
mmi!:nLT-^(on^mmmme f ^^-Dx^^^rc 

mmicijLxe frci>mnLx\.^^^tictji:s>o 

[0 0 7 0] ^d^Xx-y/S 1 2-pU^^;l/Xr-'>* 



20 ~:j^FM2 A^cj^^■r577-r;<v^tiis*^ 5e.jc (a 

Ox, , AOy, ) (Dty-iL^^h^^-D^^lCL. 
i7;l/V-irRM: <DSfpT>-^^FM2 B{c3:fr?.7^'f 
h (58*^^6 (A Ox 2 , AOy 2 ) (D^7-ty 

h^J^oi^tciS^-rSo ccT'X:^[«io^7-by HA 
Ox, , AOxz fii:tti:^T'«k<, Y:^f£i(0;4-7-tr«y 
hAOy. , AOy: {iOT<0J:-5^«66n5o 
[007 1] AOy . =Lnii- 0 f/2 
AOy 2 =-Lrni- 0 f/2 
eeoT, ^^^;l'R^Sip«FP^S!ptLT77'i';< 

30 yht^t^. mm^FPCDm>jmfmm (0 f) 
^Ltzt ^(r>imirtim^iiiy(D^ oict^ctxib 

[0 0 7 2] X:^|pi: AXR. =AXR2 ->0 
Y:^IrJ:AYR. -»AORy. . AYR, ->AORyf 

cn^t7-tyhii'^(Dorzm7^-f:<yh{iLm'\(om 

mi. U^^;l/ffl<DT}$ltI RX, IRY, IR0^ffl 

^(o^i&mmmi \3x. II 3 Y*^?)*i66n5{£tfi 

mt LXU^<7jl7.T-i^R s t^^^d-xk;u- 

mxmmLxi>i:i\ 

CO 0 7 3] fcC5l?, Sip«FPO^@0lE^|g0 f 

fk(Dmi 3X'mmLrzy5m&.!f^tc. u 

^^;l/v-^RM, . RM2 tnR7y'f)<y)^Jfii: 
%fflv^5;^ffi*^S5o ^■tD:^ffiCi, 01 4(D7P-^-v 

-htfcOX-r-yl/SOSCOMlC, TTR^^ST-U^^yl/ 
V-i'RM. , RM2 tm^-^-^FMZC. FM2D 
i:^75-f'?<>'h-r5Xx-y /^jgAp-T S C t T^ff T- 
50 tSo 



(12) 



Wm¥5-2 13 14 
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22 



[0 0 7 4] fftt)-^, X'r^jZf 50 4. Xtt5 0 6-P 

So CO^, U^^7;Uv-^RM. > RMj 
XPL(D)t«lAX*^6X;^|6]{tBllbT{J iJWiftitcfaS L 
ri/^5fci6, TTR77-f';?iyh?^l AlcJ:oT«im« 

^ F M 2 D <7) Y :^|p]0{4S-f tia A Y 2 D 0^4; fc 
^^;l/R<Dft'>L>^i:Stpv-^ F M 1 (D4^/Lxj^i:OY;^ 

ifi]©rns^^t>-r]!io®¥i^«iA yrc t(AY2c + 

AY2D) /2] **«6Sfc, Jto^^i^KckoTT-y^ 

^yh^lA, 1 BT'-fnfiA Y2C, AY2D^iKai 
LTV^Si:t<DTj$ttl FYi coH-MYfm. ^SrlBtt 
L, YF. =YfiD. -A YRCOia^^tontf, U^i^ 
;bR {Dcf'L^i^^St^i: LfcSfpv-i» F M 1 col'.D^ 
(gtpV-^ FM2Ci:FM2D t<^>X;^I^il©Ft'JS) © 
Y^^flfiYFiA^itenSo 

COO 7 5] X:^|pIlCg|UTl4, TTR7'7'l';<>'h3^ 

1 Afcj:oTii*ai$nfc-rnaAX2Ci:, ttr77 
B(cj:or«JHi5ti/c-fnaAX2Di:{c 

^;l/RcD4''L%jSi:®tpv-i7 FM 1 £Dt4'.i:^^i:cox:^[S) 

<D-rngAXRC ( (AX2C-AX2D) /2) 
S^T}$8+1 FXfCj;-DT, Yfn. ttT^HiU XF 

. =Yfiii. -AXRc^gta-raciiitcjcoTu^^/i/ 

ROtf 'L.^^*S^Pi: UfcStpv-t? F M 1 ®4',i>^tox * 
e f irYF, -YFz /XF. - 
co^^, 2ooTPtt©l FY. <OSiJSffli:=Fi$ll- 1 
F Y2 (Dmmt<r>^(r>mmt>^B-^y^mt. e y (c 
^a^-rSA^6>, 9t(r>^ (2) £0«}:dtcMIE-rs<:i:{cJ: 

[0 0 7 9] ^x±<Dmnm'i^t^nx\^^f^. ±mm 

1 1 4tii^<D7>r<y:/'5 i o, 5 i 2^||fTtTt/^<o 
F P 0 {'^f 0 f c i: 7.T -y 

:/5 0 8T»jii){c:gi-iiiijtrc{ag-rnfi (AXR. , ay 

R. ) . (AXRz , AYRz ) <D*7!)^iJ5.Si:*So 
(CiSiJSi^l 1 4{i, 01 5tC^LfcXx'y7'5 1 6 

th<Dmir-^mnt^o 7.y-v-f^ \ eii. sjp^fpcd 

ffia^'^^iMXr-v'WSTfflcOTi^ltl FX. IFY 
J (Xtil FY, ) \^^^V^m\mz^'i\^X^-ifsUv 
^t^t\ TTL7^-f'^>h^cDL I A;^^-e-9--4^ 



[0 0 7 6] J.;(±(DJ:9ti:LT*46P>n/j:^^<ia (XF 

I , XF: ) ti, Tmi ?xi . I Fx^mmtLrz 

^ift^IMy, I MxC0^Slitffi*^eSf(6v-^FMl 

<D4ivu^ S T'£Dag8l^#A./cfii t * o T V ^ So X 
/NXr— >*WST^^i!)$-li-Tiai 4 tOXr 5 0 8 
?r^tffS„ $tfJ:Di^Lfj:J:aJj::^T'y:/5 0 8T'fi, 
*-rTTR7v1';><yb3^1 A, \BK^^X\^^^;l 
T-^RM. , RM2 i:StpV-drFM2 A, FM2B 

10 t<D^iiLm-fnmt}^^ib^tix\r^^o b^^^i/v-^R 
Ml icnt^m^'^~'>¥MZA<Dia.mirnmit (ax 

R. > AYRi ) T'feO. b^^'/Uv-'^RMr iCtit 
SStp-7-:^FM2B©{fiS-fnSli (AXR2 . AY 
R: ) T'^So CCDI^. 01 4f^'CDXr>yy5 0 ST'li 
^gT'$.^/c*^ gJpT-^>FM2A, FM2B^TT 
R 77't' h^r-t^tt! L/TV>5 i: t^J-J; x^^:xr-v^ 
WSTO^HHi (XfBb , YfDb ) ^=F'mi FX. I 

FYz *>p.fati-rso 

[0 0 7 7] i:i±mmmm'<b. i 1 4 

20 ^^/I'R c7)I^^;L^^:g:Sfpi: t/vg^lv-^ F M 2 (D^'b 
^ (v-^'FM2Ai:FM2BCDX:^(ii](D4'5S) cTDggtg 
M (XF! , YFz ) ^i>J<DJ;^tC«ii>5o 
XFi =Xfiib - (AXR, -AXR, ) /2 
YF. =Yfiii2 - (AYR. -AYR: ) /2 
IKOmnm (XF> , YF, ) FY. , IF 

[0 0 7 8]tJe^T. •:7xMXr-'>*WST^SI^6v- 
30 '^FM2C. FM2D«D«iHl{fig*^P,SipV-^FM2 

A, FM2B©«imffiS'N^®j^ti:rci;to3— ryy 
fi A e y ^^A.f£si^« F p co^ 0 mmm ef t*. 

-XF, ••(7) 

-r^uy i;t)mVittiX\^^^m^li. Xt^TTS 1 S'x 
31*^, i/^^;V77't';/yh*^^Bg$nrc^j^T-<D«i;x 

/NXr-i>*WSTCOgg|iffi^|fitiL, T?!)*H-I FX, 1 

FY, (xiii FY, ) (ommt\ mc^com^mt 

-gifSi^fC, '^7x^NXr-S/*WST<0igl(l?Sl 16 

'>+'y^-13 2A. 1 3 2B^iai'fD:|*®{C^^U 
StpffiFP±a5V— i^L I Mx, L IMy©^>«?<D±tC 

"fmm^mmr^o 'tLximmmjBi¥& 1 4 ojcio 
T. x:^iR]i:Y;^(fi)<o^^{cov^T. mmmntcom 

gAWtR>rMC:Q:S id tOxMXx-v'W S TJ&+>- 

-3}?$ir(a]-rs<, l i ky5^(Dm^. mmm ?±<d2-o 

OV-^^LlMx. LIMyti, T T L77l';>« >' 
iOrtgPfJlH^^nfciSm^^yffil 3 8»C^4LT77-I';>< 
50 yh^nSCtfC^rSo 



(13) 

23 

[0 0 8 0] -^x/NT-x— >'WST£D-9--d?a«V^'ti. 

^mti I F X, I F Y2 (x{± I F Y, ) (ommicm 

^<=F«*li-*-KTfe, TTL7^'f:>tyh3S5fcSr3< 

^'{±'?x^MDitgckOfe;^$<. -PtLT3 0cnJ.:i± 
JiiiSST'^^o CC0fci6Ti$itI FX, I FY. 

m-^t>p}t. Ti$iti^aB<D*'i7>^'©tSA^ 1/10 0/1 

m~ 1 / 1 0 /i mn^^-'^X-mht^o ttoT^f^ti-CO 
^^<D(4) e f fC J: -p T X ^ f— '>*W S T iD&l*^ 

mif±o. 0 8 iLmwn^mm'mit^z.}iti^^ 

ffirt 'mm: t o^M©*^;rc S O A^t* ^ < O iiiS l 
fd^Ufc^-f?., C^xMj^r^v/ffltoTi'fU-tli, ccD 20 

14{c:^it5Jii:*^$)So L I A;^^T'<$t)n5tr-Ati 
Uf-^;i/i:S^u>X^<D^^, sa'iS^U'^/Xii-^x 

C0 0 8 I] J.X±<^>Ci:A^^, TTR77^p{>M^{C 
J:orS*Pv-^FM2 A, FM2 B5:^aiLTV^S« 
ffiT', TTLT^-YpOh^^^ffioTSIpfeFB Ox 30 

{i, Xx7:/5 2 2T-TTR7^-('^^'M^i:^7 • 7 
m*tf4-5o -nam, 5feOXx'y:/5 1 GT-b^^^UX 

r-i?RST*^B^{agfc?ai)?n, 77-r>{vb*'i 

IS, l/^^;l/7>-r-'>-R s T A^?S/jNftgirn-r5ii 

vmS±Ji^MgH<DlOT'^l3, +5>{c^g$LTfc< 

D*;>«vll2X, ri2Y%MoT, S«X-f'yy5 
0 8©lta»*t7*9Ci:, Xl±, ¥i$ftl RX, I 

RY, I Re<Dirmm(D\yf-^)i7'7^>^yyM^m}^ 
ymt Lxmrnr^^oicLtzfcib. mnm-rnmo 

CO 0 8 23 ^T, Xr'y:/5 2 Z(Dm^X'li. tXiC 50 



5-21314 
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;l-7 • 7i7v/X • 7'7^yiyh^0\^A<DmtiimmffHc 
SiPteF P±coSipv— i'FM i*^(i[@LTi^5o ^-c: 
T'isijsnj^ 1 1 4tt. 0 1 oizfikLtzty • 7^'>x • 

77'l'y>'h5^C0CCDA^7 4X, 4Y*<£oTMS 
fi4 Ff*!«MiE|-7— J^TMilSipV-^'FM 1 i:OX, 
Y;^r6l«{fiSTnft (AXF. AYF) ^^x/s±(D^ 
^tLXMltZo |5l^tTTR7v-l'p{>'H^<DCCD 
;?7>«vl 12X. 112Y%fi6oT, U^^/l/T-i^ R 
M. fcSilSv— i?FM2 AfceOffill-rnfi (AXR> \ 
AYR> ) t. U^i'/W-^RM. f:St|i-r-i? F M 
2 B t<D&.Wi'ftim (AXR, , AYR. ) fc^-^x^ 
{IJcO^^fcLTlhjlfJfSo COfct, TTR;^iCt^7 

• 7i'S/7.;^^t>, ti>izc CD ti:^^^ytm-t 
t Lx\.'^rctb. mmLrc-r—!7mciif^Lrzmmm^ 

J:-5{c, iiaaHJSl 1 3X, 11 3 Y^^JiJffll-rSo fc 
fct, C C D^^^tt-figfC 1 •7\y-h6i<mi^m^ 

l/3 0|j>^fcW:^-rS*^^, TTR>3]Si;:^-7 • 7^ 

<ti 1 mxn^ T'$>n{fi-5i"T'^5do l^ii, S¥«F P 
<D{fiH^T?$H-T-9--JPD-y^LTl.^SJi^«, TTR 

;?ST'COli^fi^S^S<D^0ji^*i:^7 • 7^iy7.-h^ 

^{cJ:5'>x/NXr-'>'ttg<O^ift<?5^ra^0*>i-i^fc 

CO 0 8 3] ^\Z^ym% 1 1 4 {i, Xx»y :/5 2 4 T' 
X / NX -f - v^W S T ©-y-- 4^ D >y ^ ^ft?^ t T X r -y 

7"5 2 ecDSimc^O, lsa:^iC, i f s:'3ie^|B|^ 
{i:<$oTSJP«FP±<DSv-i7;&^^Jta-r5rc46tc, 

x/NXx-v'-wsTOi^S) (^s) ^r»g{i&-r5o CCDX 

r-y7'5 2 6{i, $fe{c06, U5XWmLtc^oK^ ^ 
)1dxU'y hv-d? I F S*<l/^^;l'V--?RMi ^2:^>: 
TcJc^ji-r^Jc^tOxMX-r-S^WS T%)^il?#5 
tOT% '>x/NXr— >'WSTl±. S-r^JtXU-y 

I F S/j^06tc^L/c{£[@ga<3S{c^5J;3{c{fi[ggtj 
46^nS„ CKTJttTT L75-l'^yh^(7DL s a:^^ 
(cj;5X;^[fi]{c}It;/cX';-y h4^0lf-AX.1?'y htig 
?P«F P±(DV-^L SMyfC?^LTY:^fo]{C-rnTffl 
H-rSo *i^)4^cSI;!)^e>':7xMXr-'>*WS T^Y73ln]{£: 
^S-rSt, L S A?3^tO^«^Ulg§ 1 3 9f^fb<D%m. 

m^t I F s^sojtmiR? 1 2 1 *^6©^mM^s s 

Di:<DMISiJg{±, 01 6fi:^tJ:9lc«:S, 01 6 
(A) {i, LSA^^tc^oT^^:y±(c^03i«n/c 

46, ^■<?3¥i^{it«:v— J'LSMyOYjg^mgYLsi: 



(14) 



P5-2 1 3 1 4 
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[0 0 8 4]-:;^, I F s:^s-ei#e>n?)m#s SD 
ti, 016 (B) tc^-TJcdti:, l/^^?;l/v-i^RM. 

L^^^^^^ts. \ 4 2 {±01 6 (B) m 
m<Dfpibmm{iLmY i f turgtb-rs. 

[0 0 8 5] mmn. 06ftJ<DX??|&I©$5Rl©J:9fC« 
)tXiJ hV-^ I F S^i^ilj^-a-T, U^'J'^VV-^' 10 

i 5 ;^ 'J >v h^^x>i? 7 h ti\ mm^ F p ±cDv-^ L s 

Mx(CcJ:oTfs]^{c^g$n, 1211 6i:Ip|filQiSJB*^f# 

nrcv-!> L S Mxi^XJ^mffitiX L sT-fet), LFS 

OX^^mX I f T'feSo 
[0 0 8 6] 0 1 eT'^-rJ:^}^, ffilffSMTL si:X 
1 f t<Dmi}\ Y;^[Bjffl(DLS A73^{Cj;5TTL7v*20 

L F = (AXfa, AXfb) ^2 
^AlC -mm^ 1 1 4 . T T R - A X'^ibk Xyj\^(Dt 5 
nSAXR. i:TTR-BT'5K*!>fcX;^lfilO-fnftAX 

Ri t<Dm^xcc<Di/z^'yx/\m<D^mttx^m 

AXcc= (AXRi -AXRz ) /2 
CCT'AXR. , AXR. RM. , R 

M2 /J^SJPV-'J'FMZ A. FM2 B(^*'<?fCWUTl/ 

X\,^^Ctitn.(Om^t^t(Oi:t^o C<D^ (2) T* 
*$orcffiAXcC*^^COt^. ^f^^7;^RC0(^l;L^C C<7) 30 

ia^^ti, 20CDS?PV-d'FM2 A, FM2BO^ft' 
'L^^^OX7^r6J^O 2 l¥^^^±tc)|igBtc^g{LTV>5 ctlc 

BLOx = LF-AXcc-AXF 
CCTAXFti, mSv— J?TMX. , TMXz OX^ 
l6l<5D2l?^^fi:WLTStp-r-i' FM 1 tl^tmiyyXP 
L (SipV— irFM2 A. FM2 B) (0:^F«|tC-fnT<t 

A Ycc= (AYR. -A YRj ) /2 
ZCX\ AYR. , AYR2 it. U^i7;l.v-^R 
M. , RM, ©*'<?*^m-r5§ipv-:^FM2 A, F 
M2BfcWLT, 04±-pY©E:^lRl (04OatMl^-e 

/I'RCOtl'iDC COSlK^^i:, S?Pv-i7FM2A. FM^ 
A Y f 2 = (A Yfa-A Yfb) /2 

w±<Dgts^i[ A Y cc. A Y f 2 t mmm a Y F t tcs^ 

V^T, ±S^J^al^l 1 4l±, U^^;l'RiOtJ'oCC«19:^ 

^t. ■7^>'X'7^-f:^y}'%ovJk<omB^ so 



* h ?ScD^tHff t ^ ;l/ R cDcf C C ©S^ 
^i:<DY:^[ti(D-^-7.^^ymX';&^o ^Xic±umj^\ 
1 4f±. :^r"y:/'5 2 8"P'^-X7^>fi^«4?>5rc«) 

1 A«DCi:T-a5!?, riTR-Bj «TTR77'r:>Jy 

hmi BtDckT'feSo ^tz'&r^'fyiyhmc^^m 
mmii, Xj^loi4:Y^|nii:{coi,^T(ftS-fnfi, Xttv 

tLXli. SJpV—^FMKDcf'C^ASfca^Pv-^rFM 
2Ai:(DX, Y;^ffi](^^K^ (AXfa. AYfa) 
V— ?FMlC0ct5/i:>^Si:S*p-7-^7FM2Bi:c0X, Y 

m<Dmm (Axa a Yfb) i:*^iiiSLx^sf|ii: 

[0 0 8 7] ±Mffll?^l 1 4{±. ^afllAXfa, AXfa 
icm^^^X. gipV- i'FM2A. FM2B <D^^>uM 

- (8) 

[0 0 8 83 

- (9) 

★ [0 0 8 9] :kic^m^ 1 1 4 {±, nmm^ x f tit 

Wmi¥. AXcctfCStJl/^T, Uf-^;l/R<0*-C^CC 
©XYM^^ffi'NWSK^t, *7 • T^'i/;^ • 7^>f 

^'TMX, tTMXz tCDj^COZm^I^) (DXY^m 
^ffi'S(0^2^^i;^DX73rSIOSE8IBLOx^. ;l-7 ■ 7 
f i/X • 77'1'><y MSOWAfCBIIf 5X:^lpJ'^-;^7 

•■• (10) 

^ [0 0 9 0] ^ic±Mmm 1 1 4 tt. mmmti yr, t 

AYR^fcS-cJl/^T, U^^';bR<73i1'iNjiSCCOtSl^jiS 

- (1 1) 

♦ 2 B«§p^;L^^S^)g^lS^}-02^i^i:A<^fB{i:-aL/-c 

[0 0 9 1] ?e>{C±$iJ®S^l 1 4li. ^atlAYfa, 
A YfbJcS-cJv^r, SiPv-i'FMZA. FM2B(0§ 
^L>;iS«:lK^iaf^co 2 F M 1 (D'P.b 

^i:<DY:^lPl£D-rnfiAYf . i&«ii>So 
••• (1 2) 

4 FOY73|p]Off'L>jS (}i^V-:?TMX, i:TMXj 
i:<DK02^^^) (DiSl^^tCDY:^|6]OSgg|B LOy 



(15) 



B LOy = A Ycc-AYf . 



* * [009 2] 
-A YF 



(1 3) 



[009 3] 

• (1 4) 

5» 



WA®'^-:^7-r>'a (B LOx, BLOy)*<*$ 
0, :^^{i:iSiI®3^ 1 1 4fiLSA:^i*:cDTTL7^-l'^ 
Vh?^<D'^-;^^'ryfi (BLTx, BLTy) ^5^46 
So Y:^lS]ffl«DLSA:^STTLT'7-r>{yh?Sca^— )K 
B LTy = Y I f-YL s 

mUicLx. xysitiim<Di sAyj^TT 179^ >^yh 

^<D'^— X5-C>fflBLTxi:{ix X'J^vH^cOe— A 10 

B LTx = Y I f-Y L s ••(15) 

rcTcL. it: (1 4) , (15) x-nntrm^m, ^tztb. ctubo^mmmux'^iii^t^n. ^fe^affl 
I ¥ sofp'L^tmmmF p^o^-r-i^isuyto) tLristSLT^s^, s d 4) , (i 5) ^^-n^^n 

Y:^l6]cOgBS^||AYsii:, FSfcv-^ ^(14*). (15') (D^^ic^mtt\liX\^\ 

isMx t(oxy3iPi(D§mm^iiXsmti)^'^^nx^^^^ [0094] 

BLTy = Y If -YLs -AYsn -(M') 
BLTx = X 1 f -X Ls -AXsn ■(15') 

20 ffigg^ft-rSo CC T-r-:>WMx, WMy«. StpT 



®, ■r^^^b^^;i/RcDy^^?-yMigEPAA^fi:^$n 

A, X«TTL7^f'^>K^ (2X, 3X ; 2 Y, 3 
Y) {C<toT^ai?tl575'l';><>hv-i7*^ i/a>y 

hmmoifp.b^icjciLx-'&(om9kxm^iEtixi^^o 

0<<oii^, ^n?,":7xM±(^)7^'i'p<:^hv-i;{±;^ 

ico\,>xmmtZo 

[0 0 9 5] 0 1 8(i, >?xMW±£0'>3 -y hM^tv 
-i'<DgH@*5^L, '>3'y h^lSSAntOtl'ibSCni: 
X}^fnifflv-^WMxi:OX:^FlRlO^PH/>^AXwiB, ^J'D 
S C ni:Y:^|S]ffl<DYV-^WMy i;(DY;^lSjCOBg<@*^ 
AYwmi:LT^st±^J6e.nTV>5o SI*. • 7^ 
S/X • 7^^;'«>h^0WA^{I-9li-&{±. 
•y H^ISS A nCDV-^WMx*^^7 • 7^>'X • 7'7 40 
'1'?<:/h?^0WA©«^aiMJil^T'm^v-^TMX, . ♦ 

Xe = Xm-AXp+ (BLOx-AXwn) 
Ye = Ym-AYp+ (BLOy-AYwm) 
iSi, LS A;^S®TTL7v-r^>h^T'V-d'WM 
X, WMy?:«iaf L S A:^^KJ;5v— ?W 

Mx, WMytO&^tHteS^Xm. Ymi: LTi^ST-g* 
X e=Xm+B LT x-AXwm 
Y e = Yni+B LTy-A Ywni 
i:A±(ommX'it:iry • 7^>/X • 7^Y^>'h?^0WA 

oB±mmmx'(r>m^'bikX'i>. =f'm i f x, i so 



[0 0 9 6] ^LT, ±mmik I I 4li, {fiLSj*i6^n 
/c'i;xM;^-f— >*WSTC0X7jl»5]C0^^{4@Xm^T}$ 
in FX*^P>^*iiCy» ?5)tC^7 • 7^''>X • 77-r 
^ y h ^ 0 W A rt« C C D A 5 4 X 3b^ 6 
SflSLT, liilffi4 FtO'f'L^^fcV— ^'WMx<^>«/L^^ 

i:(^>x7?[fi]o-rnsAXp;&i^tii-r5o ^^fOx/Nj^r 

-iyVJST^mt^LX. :t7 • 7^^^^ • 75'l'^>'h 
l^^ii^V-'^TMX, , TMXz {i:,toTOxM(DV 
J'WM y A^^l^^E^n-S J; 9 fC'i'x/N;^'r-i^W S T 
^ttS^fefSo CC0i:^c0Y;^[S]O^^{fiBYm^T 
ji^H-I F. A^e-M^IXS, ^LTCCD*^v4 YCOti 
S!{cJ:or. }§^S4 FO(}i^LNjSfcv— ^WMyOcf^u 

^t(OYyi!^o-rtim&. y p:&*i6;s, 

[0 0 9 7] iX±0-7-i>fl[(li|^Ul)?)^j^5i:, $>tii^k 
^(Dnn<omz. J; -3 T , S)t^tc 3 -y h S A n O 

§?c4i)©'i?xM7.r-i^*WST«^^{iB (Xe. Y 
e) tl^MtbP>tl^c 

• (1 6) 
- (1 7) 

[0098] 

■ (1 8) 

• (1 9) 

FY, (Dm\^mtims^t^x^ic^ibx;&^i}'^. ^ 

7 • 7^'>X • Ty-^^^yV^kO^Nk^^m^rzZ^kTtO) 



(16) 
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-r-i^^mmWc. 20iD=Fg^lH FX, I FY. OH" 

[0 0 9 9] titoT, :t7 • T^i^X • T^-f^JZ/h?^ 

0 W A T X V ^ -f-Smv- ;&1^tii t t 

tUFYi r^-f^^'hlSOWAJC^^LTZ 
•y^^^^l^^jSS-rT^H- 1 F Y. c i:*<SST-fe 

^j®-rTj$H-I FX, IFYj ^7-7^v'X-7 

v'l' ^ y his 0 w A Id w LT7 ^^^^^ss-r^j^n- 1 

FX, I FY, t^^(Dl^1^mK>^^Xmtzibiai. 

2-D(o^y5\iim(D^'m\ fx, , i fy: ©^rtas* 

^y^^m't-jV (X«^U-fe-yh) ^1#^co^^®«*> 

LJ&^LTg??-7-^FM2^«im-r5<0i:R^fC, :^ 
7 • 7^">7> • 75-r;< V^5^0WA%^>LTa^p■7- 
MXx— >'WS TtD#±ffiHT-, 2 0«DT}$tf I F 20 
Y> , I FY» (D^P^^tl^y-5'(Dm^E'^^ti'-:^(D 
<ii:l?L<7''J-b>y h-fScDT'feSo tJ^^T, 5ttxE'^ 

1 FY. . I FY« ©:/<J-b-y hiJif^A^i^gT'feSfci: 

CO 1 0 0] *-r, 01 4tf©Xr'y:/5 0 8, 5 1 
0, 5 1 2tCj;oT^^^;l/77-r^:/h^t7^9o C 
COtt, S?P«F PfDlSOWt^ge f ^%iiLT, 5fe 30 
tCiJJ^L/c«fc^{C, Uf-i'yl/T— ^RM, , RM, COX 
:^r&]C07^^'^yhfa®A^AXR, =AXR^ -Qlb-o 

'l';>tyhffig*^A YR, ->AOy. tC, A Y Ri -*A0 

20C5^f-^;l/T-^'RM, , RM2 J&j^^H*^^ 

1 My<DK#^ffii:¥^f^c^5J:9^c^^^';^R^7 

CO 1 0 1] Wik. ^-7.y-<ymm(Dnm^zx^ 
t,\ u^^;v7vi'^yh7!)^BfiK^nT*^e.ii, -^xm 4o 

Xx-v'W S T L^v^ J; 9 (cif-jpn >y i'*^® 

tt, SKlxyXfcWLT7«y'^lfef!f*iffiJE-r5Tg^ttI 
FYz ©ttlfflMLet, Ji-7-7'5">;^-7v-l'^yh 

?^lCj^LT7-y'<^f^^^)S'r5T?$itI F Y, CDMJ 
<iL f ilcOfStcii, L y (A 0 a + A 0 r) C0^g7!)^# 
af^o CCT'Ly(i20CDTi$H-I FY, , I F Y^ 

<Dm\-&^(r)xii\^(r>m^-v&*) . mummh 0 ati, 
i;fc^®)i^KMyiOfiMSff5a^w*iiig (a«W!&x so 
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nil) i)^!^<r)Wmn^^Xtb^o SfclHie^SA 0 r 

\^^\:m^muy<DSMm<Dm*m^m. (xw 

*^e.C0j«/Mi]|fe^|gT'^5„ cnP)CD^^A0a, AS 
i/'W S T tmj^im\C t t fCTi^lt I F Y , , IF 

UTi3<c:i:T', A 0 a 4: A 0 r <^-&fi!cfilO'J-ty 
t>-e, A 0 a + A 0 r (7)^{t5^*^ 'J -b -y htaii*S««S 
CO 1 0 2] U^X. i^mi^yXictiLXTy^^^^ 

m^-r^^f'mnfi fyj ■p-^'x/NX-r— :^wsTcoes 

H-IFY. <7)jHi|S{iiL f tcii^^<DCi:^?!)^6, Lf- 
Le = Ly (A0a + A0r) cOg^Mjb^^Sn/cfeOJC 
^^Itl FY. C>j|iJ^liL f ^^co$$K<Dfiii: 

1 FY. {C.kSSiJfflKD^.fcfC^-rcilfcT'tftl.^ 

CO 1 0 3] ^CT-, '^-X7^>ft»cS*^«FP 
^{ii@^s5>LT'i'xMXx-i/WS T^-9--4^P'y ^ U 
/c^^T'OT^tt I F Y. L f tT0U I F Y 

2 (Om^mi e t<D^^ Lyv [Ly (A0a + A0 
r) ] tLTlBtgU/cfSs ^i$ttl FY. 0|^gi5*'^> 

•^x/NXx-S^WSTOfilSSlfeJcffip^Fj^fl-l FYa 

ts^v>/c$ijai^, :t7 • 7^->x • r^^^yhmir. 

CO 1 0 4] C<Di:t£Dm?^El 1 9{C|??gtT/T^-r, 
019JC^V^T, ZOCDS^Pv-^ FM2 A, FM2B 

%tg4f:ii L X immm i m y <oRmm t i rcic 

J^LT^HO f ^tt|5IIStTl/>5» U^^'^l/RA^77-1' 
j/Vh^nSi:, U^^'^Uv— i'RM. tiSi^-r— J' F 
M2 AtCj^UTAOy, /'£lt:t7-b -y h LTfiEBL, V 
^^;!/-7-^RM2 «SJ^-7-^FM2 BICWLTAO 
ye /clt:t7-t-y hLT{£[B-r^fci6, )^^, 

01 9T{i^Lrc*<U^^^;Kt''L.>C C^3a5<t-5{d 
mibrc(OX\ l^^^;l/V-i7RM, , RMi , ai/ft'-L^ 
CCJiSLrc±tC(S[S-rSo 

CO 1 0 5] ^T, CCDtt^T-2-0<DTaiH-I FY. , 

1 fYzii.m-^'^yhmLeiC'fV-k'yhttl'Stmv 
&^f}\ Ell 9tc^LfcJ:dJc, T'U-fe-y hS®200 

T?$iti FY. , I FYz (ommimmmiir' Kmt 

t^o m\ 9fi:*5V^Tif§Lir{i, eiJ^tf'>x/NXr->' 
WST*^M^ffigli:$fci:^tcT)$g+l FY, , I FY 

2 :^m-mic-f^}^>yyLr:i'mx^<omm^mo 



(17) 
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t>*>. Ti^n-i FY, , 1 FY, itctLibMmm^mm * 

L ir. Xtt L Ir' ii^ibmm I M y ^X'O^mm 

tt, mmmiif , mmiuyORm. &t;i®Lrc 

2-3<DT^||-I F Y, . IFY, OH-ifHiiOl|*^P)'>x 
/N7.r-'>'WSTc03-')'>'^«:*4i)5li^> a—O 

So -r^^D-^, -^-j^^-r^/ffi-iiJ^tcsijsfiFP^&s^ 

gj** Ufc i f^(Dmbm I M y ©Rl^ffifc¥fT*«i*V 
^tlim<D ySH-fflijcDSip 1 35: 5 CD r-fc5o 

[0 10 6] ^etC'^-X^f'VttilJT-ti, ^yT'P'y 
X75^'^vM^tckoTSip-r-^FM 1 iilg^v- 
^TMtiOifiSTnS (AX F, AYF)A^017{C^ 

i/T. 7 5 ^ >' h 5^CD|g^V- ^ T M »C J; o TM^^ n 

f^^;l/R<D4''D^C C ^:«lt^if^'^^M^O f fcOffliigll^T' 

(/^^(Dfrsi;, x:^fS](7)^-x^'i'>'ffl{i5fe£DEi 7 

{C^L/cjgSciiAXfa (FMl i:FM2AC7)IBgl) i:^ 
SfflAXfb (FM 1 i:FM2 BOSgSI) , P^^/l/75 

^ v'7.7^-<^y h?s-ei|*HJ*ns-rngA x Ftcjco 

[0 1 0 7] f&t)^^ 2^tOSt|iV— J/FM2 A, F 
M 2 B ©X:^lRl<Oit>^i:»ipV-^ F M I tDtl^'il^^Sl? 
©llLX±<Dagj!i*L F^-rSi:> LF(i$t«OS(B) 
fcl^filtcLT. *30 

A Yfci? (L F-AXcc) • 9 f 
i:tT«46enSo Ce^T, $fetD^ (1 3) ^^ML $8 
T, 5{f^tti^M0 f %#]HLfcY?3[6)C7)^- 7.^-1' yft«- 

B LOy = A Ycc-A Yf 2 -AYfc- 

(Si. AYcc, AYf , {i^n^njfecie (in. (i 

2) *>6«46/S:t03T'a55„ U±OJ;9{cLr, 2O(0 
Tr$itIFYi , IFY: ^S?P«F FmiS'^-X'? 
-< vftiSiJ^tc [W] i; fitc 7 U -fe -y h -r 5 i: i: {c, ^ D M 

Sci:, Sct;-^-x 9 1'^^ttifiim^fcs 5 SJPtgF P± 40 
cosqi-r- ^ (c: LT ^ ;u R 07 ^ p< y h ^H'fT 

CO 1 1 2] fS), '^-X7-l'yH-»f^OiS, -^/x/nX 
x-S^WSTcOf^lhfiLaJ&T^ttl FY. TM^lXSii 

2Mmei[Jj:{SilgE'r5„ 01 SWidfc-^x^NW 50 
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LF = (AXfa+AXfb) /2 

T'^feenSo *fcU^^';l/75'l';><yh^fca#LT 

fp'b^ C C OSipV- L M 2 (D<^j^iuMt?> X T?!^© 

•fnffiAXcdi, 01 yii^^iiaijffiAXR. . axr* 
*^e., ^feco^ (9) tmuic. 

AXcc= (AXR, -AXRi ) /2 

[0 1 0 8] tse^T, x;^i«ioii©'^-x5-i':/fiB l 

Oxtt, JtcoiC (1 0) tl^fiitcLT, 

BLOx = LF-AXcc-AXF 

•e*$«o Y^lRj<^>'<-X7-1'i^aBL0yfC-:) 

v^T«. 9it)(^lt^M0 f fcigHL/c-y-'f (Y:^ 

iplO-rnffi) A^±i;5/c:i6, ^feiciJi^LfcS (1 3) O 

[0 10 9] c^r-mu. m \ Q^^mLx^^x^ 

i), ff20£D^g^lH FY. , I FY» jb^^U-b-vh 

^niTc^r-fentf, ir-^e.®Tj$n-*<$oT'>x/NXx 

i^'t'/D^ C C (D^Tic X M±o^^^=grf£tS0iii> tfc 
l^fijb^^, TMH FY. <Df^8fM$rS^k^-^i•:Q:V^J:'5 
ic. '^7x/NXr-i/'WST^X:^fS]{i:?gg|LF, (SSffi 
tCliLF-AXcc) /-ct:^^®J^-li:/ci:-rSfc, ':7x/n± 
<^?$^iSti, 01 9 4'CD^Pc{c{fiS-r5Ci:tc*5„ 

tif o Tiia-T'^ t Y 73 [p)©KO'^-X7'r b l o y 

tt. :i-77i'S/X7^-r^>h3SCDi^tlltt'iL^^0 f 

Pci:®Y;5rfi]<olSfilT'feS„ 
[0 110] SJ«i«F piD^omi^e f *<«4t)^n 
Tv>sft^6» ^PctSipv— {'FMi i:<DY:^rSi©-r 
nJlATfdi, 0 fti^-f-^ic^ht\.^t\.^o^f^(0^li 
X\ 

- (2 0) 
BLOyti. ^>:iCOJ;-5{c;tt5o 
[0 111] 
-AYF •• (2 1) 

<077'f'^>hV-i^WMx, WMy^:&;J-7 • 7^"> 
X-77-l'^yh5^0WAT'«ltli-r5i:l?, -^x^Xr 
— :^WST(D{aS9i46{iT^ftI F Y. . IFXT-» 

^ns*^ ^cDis, 'i7x/NXr->'*wsT{c3— fy^^ 

-r>y%i(i. 20CDT}!$H-I FY, , I FY« ^T"'; 
■tr-y hL/c^T'{imi§fl<J^7^'f'^yh^jg (b^^;l/ 
i:'5x/N±<7D-i/3'y hfceDS*j^b-a-)Kja) fc^S^# 

CO 1 1 3] 02oii, 01 QxmmLrzz-Doy^m 
I FY. , I FYe (Dmufv-tyh^mmt^-m^ 
TT.L. !L<ixit^^-V':7x7±X'mmt^t<Di:t^ 

^l5X'%mXt^o 02O{C*5l^T, T-yZf^^yti^ 

(UDC) 2 00ti, Ti$H-i FYi <D\^%ti^y 
^X'hK). 'j7x-'NXr-S/'WST«DY;^|filO^®){c{!|5o 
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^^mn^t^o y-^-f^^yij-^y^ (udo 20 
ztiWgti FY. <r>^%fi'^y^'(i^^. nmz.7^^j ■ 
zff^)V7.\}? zt^^y^^/ixDP 2 t^pi}m^t 
-So UDC 2 0 0. 2 0 2<D^*'i;yhM{i. m^ii^ 

^J2 4 tTv HOY^^MDY. . DYj i: LTi^ifi??^ 

1 1 4^mtn^o yy^mt (ld 204. 20 

6tt^nf'n;^7'»'bfflDY, . DY, «:A:^-rSfci: 
*>»;:, ±im^ \ 1 4*^6<07'yf^/^;l'XS. a, S. b 

^^mzt^K. =t<otl^yvmTi^^ , DY: ^ffi 10 

nLl^^f^o i:ilT'LT 2 0 4cDai;^(ii{iUDC202 
'xiTDyu-b'v KMfcLTEnAo^n. L T 2 0 6 ®ai:^)ii 

tiUDC 2 0 0'\<D:^';-b-y hffli;LTmsn?n5o u 

DC200, 202 {t^t\^t\±U'U% 1 1 4 A^^Oa 
-F/Vl/XS. b, Si b (tfS^LT:^U-b-y hfllfJi-b 

[0 1 14] JtlciE'^fci^lc, T^H-I FY, ©80^ 
iiLe (DY2 ) FY. 'xru-b-yM-SJi 

LT 2 0 6{Cj^fLT5>y^.'^;l'XS: a A^ai:^^ 

m^^ia (/i sec:4--^o jinruDC 2 0 o{cjk\f 20 
LTo-hvvi/;^s, b *^m;'j$n§o 02 

OcDHi^colg^ti, jMcO-/U-b<y h*. RIOT'S 0, 
H-I F Y. ©iBJ^fflL f (DY. ) ^^j^ttl F Y, 'N 

tfil!KifflWW«:t.04<D-p, =Fi$lf-I FY, . I FY, 
<r>f^)^i"jY(r>^*)\rL. UDC2 0 0s 2QZn:nmt 
«'J-b-y h, XliPl^fciJtJSfflL e. L f fcMK^Sft- 

CO 1 15] i:Jl5T\ [>Xl.\mmLfz^~7.'^^yVc 
}IJcol<jm±. 01 4, 01 5{C/T^LfcJ;^{i:, ^?g^U 30 

\y^^)\^^^zf^z7^'<:^yvLn.m^-j^^'-7.'7^y 
ttiBi|^tT*9J:^JcLTtJ:i/\ mtf, 01 4^0X 
•r'y:/5 0 4, Xti5 0 6{cJ:oT, Uf-^/l/V-^^R 
M. . RM, miP.7^^/'yV%\ IBtCfco 
T«IUior^«:iii§tc<SST. SRA:^ie, Xti 1 F S 
l5^X'\y^^)\^^'yy\zT^^:^yVt^o 0 

1 4>^(DX-f«y:/5O8i:01 5 ft^tDXx-yT'S 2 2 
^l^^tCllRLT, S?p-7-^FM2 AilU^i'/l/V- 
^RM. i:<Dfe®-rnffi (AXR, , AYR, ) . S?? 40 
V-<>FM2 BtU^^';I/V-d7RM2 il<Dfi[@-rtlM 

(AXR2 , AYR, ) , aO'SIpV-^/FMl 4:;i-7 

• T^s^;^ • r'7^:^yYik(r>tm-^'-^t<r>^m-fti 

ffi (AXF. AYF) ^*4e)?>„ 
[0 116] CCOtt. Sip«F P«Tj?fH-^-b\ X 
tiL I A^:-FT-9--4<D>y^^n5AV ■i^x/NT.X- 
'>*WST<DtlS®J?:3titLT. T T RT^-Tp^y h^:*-7 

5o i:©¥l^<bcJ;cT, ^y^J^i^fc^^tS^liaii 50 
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i[{cior^f•^;^RC»^''L^cc (xwv-^/rm. , 

RM, ) <DfSKj^i:^7 • 7^1/7. • 7^^;Xyh?^0 
WA0«^tbt}3;D^i;(Dt9W{)iSK^/)^b*^5o ^e>(c, 
i:(Dl^^{C*5^j-5P^^7;l/7.r-:i^*RSTcD{)ifi (v7 
•77d'^:/h{£cg) RX, IRY, IR 

CO 1 1 7] ^LT, ^fefcttSijLfcfiig-rnfi (AXR 
. , AYR. ) . (AXR, , AYR, ) , (AXF, 

AYF) t^)^m-&-^txx\^^^^m.mt\Lm^^^x. ^ 

7 ' T^yTs ' 7v-r?«>h5SOWA(D^Ui4''U^S*^S 
J^T-^ FM 1 CDli/L^t-a (AXF = 0. AYF = 
0) t/ci:$lc4-fS'<t, U^i^/bcDl'oCCcDiSgJ 
i^iLW^-^-'? F M 2 COcfJ/L^^ (V-i> F M 2 A F M 

z^h<mmm'ii^^ iicDttii-fnft (x, y, %-n 
i$i) j&sttti-rso ^o^. ccfiis-rns^t^L'^i';!^ 

;^r-i?R S T^, fBtiLTt5i/^/'c57 • T^j^a^yv 
ffiHA^P>TMtI RX, IRY. I RQ^^OtCiJSia^ 
■SSo C7LTU^^'/l/R(±;4-7 • 7^i^X- 77l'p< 
y h^OW AC0^tllft''L>lCjk^LT«eB{C75'r ;>« y 
n> 1 1 4 {i0 1 50:^-r'y:/5 2 4*^ 

[0 118] l-X±cDiit3. b^i^/l/X-r-S/'RST ("T 
ftfe-&U^^;l/R) «{4S^{kM^it«Wgv>«lffl (0>J 
^tf±S!linm) {i:i[oTiSfSaJcfi-iWTt5-fe:/-9— (=F 
»lt, XJi7^-1'^<:/h3S) 77 -77 

^;l/R^77^:/'7v-<>«yht-'5Ct*^T'^, 01 
4, 1 5co>'— 5^>x<fcOix;V-7''y H^[6]±?-B-5 

[0 1 19] if-w^o^wmx^t. L I a:^^<dtt L 
7 vi' p{ > F m:W(^WL F P £0-9— 4<n <y ^^ffl LT® 
ofcAV CICDL 1 A;^^(DTTL7"5-i';>«>MSa(*{i: 
SaUTt, L/^^;l/ROf|J/DCCi:<0IST^-Xv'f>' 

5^{CL I A77S<DTTL75'l'^>h^^<$9fe£0i: 
f^t. l-\P.7v^i-yY%\ I BT-I^W^nS 
Uf-i^^l/V—^RM, , RM, i:aip-7-^FM2 A, 
FM2 B£D5*:->J?i:*^m0S{c:-&S!{L/i:i:t{c, L I A;^iC 
«TTL77-fp<>b?S«3X, 3 YT-^ffl^nSV— 
LIMx, L I My(7)*'<?<Df4ffl^igA 0 X, A « y 
^, ^^^';l/R<7)1i'uCCtc5^-r5^-Xvi'>'^llfl 

[0 12 0] :^^(c. Tjcuaspcf^^eajfcoi^Tio-c^o 

5t<O014, 1 5T'xg^fc'>-'5r>X't'OX'r-yy5 0 
8~5 1 2T'(i:, TTR7v-('^y 1 A. 1 B^<$ 
oT, Pf-^;U7^'1'p<>'h^^^{Cjifi!t-r?)<i:^KL 
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R<Dx, Y, 0:^ffij©fas-rn«r^^ii-i Rx> ir 

Y. I R0T')|g:^^^:-:$'-Lrv>5/'c4i>, T.J-y'/SO 
RM. , RMz <73*>^(DiSg^i^^gl^'i7x/NXr-S^iBy 

tJOTi$tt^!SDfcl/^^;l/Xr-i/-R S T J&iaij^-l*: 
TfeJ:(/^ CCOJi^, bf-^';HIJ(OTj$ttI RX, IR 10 

Y. 1 R dm'm^mmf}^-i-^hcm\^' mxm. 005 
[0121] ^rz^mmrnxmrnLtz^y • 7^i^x • 

Z^-fTOM^OWAti, ':7x/>7>r-v'WST*^g|± 

Tti^^^o^am^^tf 6>n5o mmty ■ 7^v^;^ • 7 20 

XliRM. «:3tatSJ:5{c, Si«i«F P±<0^v— J' 

CO 1 2 2] t^izty • 7^'>7. • Z^-f^yM^O 
WAfJlL I A:^iiS*^e*ii^, S?P«F P^OSJpx'- 30 
^'FM l^V-^L I MX, I I My tmCmm^^iC 

LT*5< ty • 7^>'X • z^-f^y h^owAtc 

fi:g-^l/>T'i? X W S T«:-9-->i<D y t -5 C 
hl^OW AcDl$UJtti-D^S?PV-^ F M 1 (Dtpl4zmm 

ic'^^-^^rc'imx\ TTR7'7-r^yh?^i A, ib 

tCj:-3Tg?p-V-^FM2 A. F M 2 B 40 

^RM, . RM^ t(D^iiLmttim^^tb^iEi^x\ ^ 

Co 1 2 3] *fc. TlL7'7^:f'yV%tLX, CC 

^^i. TTL7vi'^:^hlSto^?8rt{c^ttfc|g^v 

V\ CcD:^^CDlgm, TT LZ^-fy^M^O^tSSffi 
m^t. U^i';l/v-^RM. , RMj ©ttI.C^ (XiiU 50 
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CO 1 2 4] i:C5T\ *SI«5i5IK5^xLfc I F ST^S 

06{C^LrcU^i';l/V-^(Dif7;U7.'J-y hRM. y 
(Xfi R Ml X ) mi^K ^y}\^7. »; y h ©<i J; t) t + 

7a*^6TTR7^'l';<yH^^%M-3TV-^'RMi y 
(X«RM. x) cr>gi55^%CCDA^5l|T'®^t-5J; 
^{C-rnif. Ell 6 (B) T/T^L/ciSJBaiil^f^iS^^ 

V-i?*^TTR7^l'^>'hl^S^{i:*l/>li^{±, CCD 

-i'RM. y (XfiRM. x) CD-rnfi^«i<)SC: fct, 

•etSo $/'ccco:^^r*tis uf^^;i/v-^^RMi (x 
ti RM, ) 0(fi>tDft^^ti, ^•©I'nfii:, ^Bik<o 
fg)fcffi^fitSi*i6 Ufc i: ^W':? xMJ^r-S^W S T ©ffi 

{;:, 'm^(0^'m? 1 F(7)-gi?{c, ^f7;l/;^'Jy h-7 

-^RM. y (RM< x) t(D-ft\.mmm-^^tcib(r> 

mm.(D7.^)-^Vf^9-yss?^W'fx^%. ttr 

7v^:^yV%i(DCZ'Dfi^=y\zi:r3X^^m? I F^ 
JilSU 5^7;l/;^'J-y ?RM. y tJ^SBglSi:;^ 
.y h/^^-y s S PJC j:5B&fatO{)i[ii-rnfi%*i6 

CO 1 2 5] 02 2{i, ■>x/N7.x->'*WST±<7)Sip 
SF P£DE@i::t7 • 7^iy7. • 77-f'^ > hl^oSE® 
t(D^Bm^7jkL. ty ' 7^7 'y 7.-7 v^i^yV%<o 
muyX4 B(D^mi)^mm^(ommnxmBi'yxp 

»J> >>x/>©D-r'f y^;?lfil{cfefc5o 02 2tt'(O?7 
'>x/>;^x-i/*W S T<0ffifS»J^OT I 
FY. 1 FX. , I FX, «:<D^V>T. ffi{i03Ot>cO 
ill^UT'feSo 02 2Oli^, IS^U^XPLO^IIlffl 
mt. ty • 7i7i/X ' 77^^>'h^0WA(D^tB4' 

'b mi^msuyXABCD^nnm) t^t^st^i^ii. 
Ymtmjic^^rcib. Y^^ffiio^i^iti FYwi^f: 

t, xyjl^Ol'mtf I FX. . I FX« ?:2*i:L/-Co 
cntc^b-ST, St|6«[FP±<0Sv— ?Eii5r^H 
SqiT— ^ F M 1 tmm-^-'^ F M 2 

CO 1 2 6] C(0m2 2lC7r.Lrc^^t. ty • 7^^^ 
X • 7^'f'^y h^0WA{Cj;oT'i'x/N±£D-7-^', 
XtiS^Pv-i'FMlll^l^W-rSfctti, 7•y'^*^^ 

^?ss£bTv>5T#fn FX. 1 1 FY^fflv\ mm^ 

(D'i;x/NX7'-v^{i[gj*J6tti, ^j$IH FXi , IF 
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FX. vwmtti^xy]\^<oiiLmmmmit. =fm\ f 

tSWtti, 01 gT'ittWL/ci^fc, =^m\ FY, . 

iFYz mT(Dm:s.-fv-b'yht^<mmicLrmt) 
[0 12 73 i%±(Dmmmr'imLmytmmii. 

ORHOXiSiS^rfflV^/'cXlfiir^l't-, X!i;^r'y/^ 
CO 1 2 8] 

CO 1 2 93 *6{c, :*:^WfcJ:n{ir, ^^^;l'77'r 

CO 1 3 03 trcmmmicj^na. iiLj^^i^yY 
X«TTR77'r^yh?^ (m2v-^/^to^K) 

ffi±0-7-^'^;i-7-7^i/X-77'r>cyhm (®1 

p>€) ic^^mmx'^-r^mmmmmmx'^^. 40 
can se*©i9»g^^g{c*3tt5-<-x7i'>itsij 

C0 2 3 *^WOll«(5.fiSJlc J: 5^2KS^t^g^D^fi8^:S^^ 
C0 3 3 -t; x/NXr-i^±©Stpv-^ffi<OBBIi*/T^-r 

0 
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msi muyX(D-fjt-i^y-<-ji\:. 

C063 U^^/l'7^^3»-yh'^-^(01^Vi(0-'m^m 

tm 

C07 3 TTR7^-(}<yh%(r>mm%7ntm 

CE183 TT L7^'l';i>'hl^CO#ifiK^/TN-r0 
[093 ;i-7-7^'i/X-7vi'^yh?^iO|ggl«cO/^ 
^i-ymm^mtJSS 

m\ 03 5i-7-7d'S'X.7v'r^>'}«3^©IPIdt«r/T^ 

■ria 

[0113 mm^-m±(om-7-^ f m 1 mi^b 
XTT^tm 

M, isM^mxiyX7j<tm 

C01 43 *^HOf^iSW*'>-'!ryx^lK^-rS0 

ciai 53 ^mm<omm'y-'ry7.^mmt^m 

C0 1 63 L S A?^, IS Sl^tcJ:oT«llli*nS)tm 

C01 73 ^-T.^^y^minm^s^^mtmrnrnt 

C0 1 93 2-3<DY:^|pjffl(DT}$lt®ffl57'U-l:'y h<0 

[0203 T ^H-oyj -b -y h ^trft 5 rztb<0-m^7j< 
■rialK7"D-y-J^0 

C02 13 Smv-:^1S±0^)tv-^coffico/'?^?-> 

ClgI2 23 *7 • 7^i/X •77-Y^>'h^O<a<DEa 

C±ggI5^><^>?5^<OlttW3 
R Uf-^;u 

W r>x/N 
PL JSI^b^X 
R S T Ix^^/l/Xx-v^ 
WST OxJ^T.T-i^ 
1 A, 1 B TTR7^^^>M^ 
2X, 3X X:f]\^mTTL7y^)<yh^ 
2Y, 3Y Y;^ffi]fflTT LZ^f^^^M^ 

owA '7^'y7.'7^^}f-yhm 

FP S216« 

FMl '7i^i/X'7y^y^yhJhmoymm■r- 
^ 

FM2 TTR77-<;><yh3Sffl©S¥7-i' 

1 FX, I FY •>xMXr->?fflOl'— tf^gtH- 
RM. , RM2 Uf-t^yUv-^ 

2 0 0, 202 7-jf9t?yti^y^ 
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APA fJi 




312] 




mi 9] 




[020] 




Z-T I Sia 

-5j!b 
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imi 3] 
If IE3 IPYl ESU 



[01 4] 



(HID 




[^2 2] 
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n 5] 




iy-jVia>:,i7fm [5 2 4 



lsa:^ I fSTj^ 

528 
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[01 7] 







TTR — A 


X : AXR. 


FM, *-» FMZA 


X : AXf a 


Y : AYR, 


Y : AY f a 


TTR-B 


X : AXRj 


FM, <— > FM2B 


X : AXf b 


Y : AYRi 


Y : AYf b 


LSA 


X : XLs 




Y : YLs 


OWA 


X : AXF 


Y : AYF 


1 FS 


X : AX 1 f 


Y : AY 1 f 



